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ABSTRACT
THE DEVELOPMENT AND USE OF A COLOR DISCRIMINATION T-MAZE
LEARNING TASK IN THE ZEBRAFISH (DANIO RER/0)
by Elizabeth Ann Lamb
August 2013
Zebrafish (Danio rerio) are becoming increasingly utilized in behavioral studies
as a model of human learning and memory. The results of a previous study by Colwill,
Raymond, Ferreira, and Escudero (2005) indicated that this species is capable of
discriminating between colors and learning to respond to an assigned hue at either arm of
a T-maze, indicating a learned association between the neutral stimulus and reward.
While this original study showed that this task was appropriate for use in this species, we
proposed that it had the potential to provide more data on specifics of the learning
process with amended methods. We developed and tested such a task, including a
component to determine the influence of pharmacological agents on zebrafish
performance in the task by examining the behavioral effects of three alcohol doses
(0.0625 , 0.75, and 1.5% EtOH). No significant results were found at the group level and
we observed a high degree of variability among individuals. We concluded that a number
of extraneous factors likely contributed to the overall poor performance of the fish,
including net handling stress and innate color and side biases. Discussion includes the
role of these factors, the importance of investigating individual differences in zebrafish,
and suggested future directions for this field of research.
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CHAPTER I
INTRODUCTION
The field of zebrafish research has a firm foundation in the realm of genetics and
developmental biology. The volume of research in this area, coupled with concerted
efforts at replication and validation of the findings have effectively established the
zebrafish model as an important one within these fields. A host of studies have expanded
the utility of this model into the fields of neuroscience, cognition, and behavior. With the
recent sequencing of the genome, along with the ease and availability of genetic mutant
models, the opportunity exists to expand upon the knowledge of the genetic origins and
the influencing factors of genes on neurobehavioral components, most notably, learning
and memory.
Biochemical, histological, neurological, and anatomical data suggest that
zebrafish are a viable model of human disease states and a solid candidate for the
screening of pharmacotherapies. In order to effectively assess the effects of
experimentally administered drugs, it is imperative that we have a thorough baseline
understanding of zebrafish cognitive behavior and performance on learning and memory
tasks. Not only must these tests be developed, but they must also be empirically assessed
and found to be both reliable and valid. To this end, zebrafish researchers have
implemented the use of the T-maze.
Zebrafish History
Natural History
The zebrafish (Dania rerio) is a teleost fish and member of the minnow family
(Cyprinidae) endemic to northeast India; although there is not yet a consensus on the
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specific boundaries of the habitat range (Engeszer, Patterson, Rao, & Parichy, 2007). In
their natural freshwater habitats, they are generally found in the shallow slow moving
water of small streams and now, with the expansion of agricultural territories, they often
inhabit rice paddies. This is a hardy species that has been found to survive in a relatively
wide range of temperatures and pH levels. They primarily occupy the upper layer of the
water column to feed on aquatic mosquito larvae and other insects that may drop into the
water (Engeszer et al., 2007). Although there has yet to be a thorough account of the fish
species that regularly co-occur with zebrafish in their natural habitats, one known
sympatric aquatic predator is the Indian Leaf Fish (Nandus nandus). Additionally,
zebrafish incur aerial predation from bird species like the heron and kingfisher (Luca &
Gerlai, 2012). This likely is the selective pressure that drove the evolution of diving as
their behavioral response to stress.
Zebrafish reproduction occurs via spawning, with a single male-female pair able
to yield up to 300 fertilized eggs per mating event. In the wild, breeding is likely initiated
by the arrival of the rainy season during which the fish move to flooded areas of stagnant
water (Engeszer et al., 2007); however, in a laboratory setting females are continually
sexually receptive and breeding can occur year round. Mating occurs about an hour after
dawn and involves courtship behaviors such as chasing. Throughout the day, females
replenish their egg stores and are capable of spawning daily. The embryos develop within
a clear chorion and hatch within two to five days post-fertilization (dpf). At 10 dpf the
larvae are free-swimming and after approximately three months they are considered
adults and have reached sexual maturity. As adults, they are a social species that
maintains cohesive shoals.

3
The majority of zebrafish data has arisen from laboratory studies, leaving detailed
knowledge of their ecology, environment, and natural history limited. Engeszer et al.
(2007) conducted a review of the scant literature pertaining to zebrafish, followed by a
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field experiment in an attempt to provide a more thorough and updated account of this
species in the wild. Based on their collected data, they present a hypothesized natural
history of the zebrafish (see Engeszer et al., 2007). Additionally, they emphasize the
value of understanding natural zebrafish behavior, ecology, and genetic makeup to
research in the laboratory. The authors stress the necessity to conduct field studies now,
as to not miss the opportunity to understand zebrafish behavior in their true natural
habitat, which is rapidly accruing pollution and succumbing to human population and
agricultural expansion.
Like other commonly studied laboratory animals (e.g. rats, mice, primates),
zebrafish were selected as a model because they possessed a set of characteristics with
practical benefits that made this species amenable for use in research (Engeszer et al.,
2007). The fact that this species is a prolific breeder with embryos that are deposited
externally and undergo development within a chorion with optical clarity, has contributed
greatly to the value of the zebrafish in studies of embryology and development.
Additionally, zebrafish exhibit a relatively large degree of behavioral variety, are capable
of fairly complex learning, and have a host of identifiable neurons, making them useful in
behavioral, cognitive, and neurobiological studies, respectively. Their frequent and
prolific breeding allows for easy maintenance of a stock population and a sufficient
number of subjects to facilitate high-throughput chemical or genetic screens, making
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them useful to drug development, pharmacological testing, toxicology research, and a
host of other biomedical areas.

History in Research
Zebrafish have become an indispensable tool in modern biological and biomedical
research; however, they come from the humble beginnings of being relegated to pet
stores and home aquariums. Their use in research began in the 1930s, with a small niche
of scientists studying them as models of embryology and development; primarily due to
their clear chorion and visibility throughout development (Lieschke & Currie, 2007). A
few investigators working with zebrafish in the 1970s began to recognize this species'
value to neurobiology, and by 1982 they had identified more individual neurons in the
zebrafish brain than in any other vertebrate (Grunwald & Eisen, 2002). The expansion of
zebrafish research was relatively limited until the 1980s, when genetic techniques became
more advanced and zebrafish were increasingly used as a model for vertebrate
development (Lieschke & Currie, 2007). This was marked by a publication featured in
and on the cover of a 1981 issue of Nature, describing new genetic and cloning
techniques developed using zebrafish (Grunwald & Eisen, 2002). One of the reasons
contributing to the zebrafish's popularity in genetics research is that unlike most other
fish, it maintains a diploid state, allowing for easier genetic analysis (Wixon, 2000).
This species' increased popularity within the research community finally grew to
a point at which an international conference focu sed specifically on zebrafish was
warranted, and the first of such events occurred in 1990 (Grunwald & Eisen, 2002). The
conference attracted a small but dedicated group of around 40 scientists and was hosted
by the Oregon zebrafish laboratories. Despite years of resistance and skepticism from the
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scientific community at large, this conference signaled a level of acceptance of this
species as a valid tool, as it was sponsored by NIH and NSF. As an indicator of the
immense growth of the zebrafish community, the first Conference on Zebrafish Genetics
and Development was held in 1994 and had an attendance of 350 (Grunwald & Eisen,
2002).
With the 1990s brought a bloom of laboratories working with the zebrafish and
the beginning of the Big Screen project, which resulted in the identification of
approximately 4,000 embryonic mutants in just two years (Grunwald & Eisen, 2002).
The discovery of these thousands of mutants was published in a special issue of

Development, which contributed greatly to the zebrafish finally being established as a
mainstream model for developmental research (Grunwald & Eisen, 2002; Lieschke &
Currie, 2007). The growth and relevance of zebrafish genetics research led to a 40-fold
increase in zebrafish-related publications from 1990-2006, as compared to the 2.5-fold
increase in mouse publications (Lieschke & Currie, 2007). This step brought by the Big

Screen was revolutionary in showing the world that techniques established via zebrafish
research were applicable to the previously establish rodent models (Grunwald & Eisen,
2002). The first mass of mutant lines were created using ENU and when studies of those
mutants were exhausted, a new large scale mutagenesis screen was initialized in 2000 to
provide more opportunities for continued research (Wixon, 2000).
The turn of the 2 1st century also heralded the beginning of a project to sequence
the genome of the zebrafish and the creation of the online zebrafish database for genomic
data, ZFIN and zebrafish stock center, ZIRC (Grunwald & Eisen, 2002). This project was
a success and the entire zebrafish genome had been sequenced, thus facilitating the

6

establishment of hundreds of adult zebrafish mutant strains (Gerlai, 2003). The latest
progression in the field of zebrafish research has been a shift in emphasis to study the
behavior of these animals, which would allow for a more informative data set regarding
mutant or wild type strain differences; the effects of genetic manipulations, in vivo drug
screens, or other treatments; etc.
Zebrafish as a Neurobehavioral Model
Despite the vast growth of the zebrafish as an animal model and the breadth of
topics in which they are studied, this species has been acknowledged as being
underutilized in organismal, ecological, evolutionary, and behavioral studies (Engeszer et
al., 2007). In order for this relative disparity to be resolved, it is important to elucidate the
relevance of behavioral studies and their value to the existing fields of zebrafish research,
such as genetic manipulation and pharmacological development. Additionally, the
advantages of zebrafish as a behavioral model must be highlighted, while still
acknowledging the limitations of the species.
Advantages
In recent years, zebrafish have become more prevalent in research laboratories for

a number of reasons. On a basic level, they are advantageous as a research animal
because this species is a prolific breeder that yields a high volume of offspring that reach
maturity in a relatively short period of time. Zebrafish can be studied during early
development due to their clear chorion and their behavior can be studied in both larvae
and adults. Additionally, a large number of zebrafish can be housed and maintained in a
relatively small area, particularly when compared to the amount of space that would be
necessary for the equivalent number of rodents. The husbandry of this species is
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relatively simple, which translates to decreased personnel, time, and cost required to
maintain the population.
Levin (2011) provides a thoughtful review of many of the existing zebrafish
behavioral tests and their utility in drug testing, while noting that zebrafish are "a good
intermediate model between in vitro receptor and cell-based assays and classic
mammalian models for drug screening" (p. 82). Levin also addresses the fact that
zebrafish offer the availability of studying the neuromolecular mechanisms of drugs and
that they serve as an economical model that can be tested to quickly reveal the efficacy of
the compounds being studied. Eddins, Petro, Williams, Cerutti, and Levin (2009),
mention that the increased speed afforded by using zebrafish instead of rodents could be
particularly important in alleviating the bottleneck that often occurs at the behavioral test
phase of the drug development process. Guo (2009) mentions that existing studies have
shown parallel effects of drugs administered to zebrafish and humans, and that there is
evidence to support the use of zebrafish in developing and testing drug therapies for
human diseases and disorders, including Alzheimer's, Parkinson's, Huntington's,
anxiety, depression, addiction, and autism spectrum disorders. Guo (2009) even goes so
far as to state, "Investment into this organism, to further understand its biology and
disease modeling capability, and to facilitate technological build-ups, has the possibility
of revolutionizing drug discovery for CNS disorders" (p. 724). The fact that zebrafish
behaviors emerge early in their development means that this species can be tested for
pharmacological and toxicological effects at larval and adults stages, and therefore is
doubly useful as a tool for large scale assessment of drug effects prior to subsequent
clinical trials (Rico et al., 2011). Together, these characteristics of zebrafish make them
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an ideal candidate for use in large scale behavioral screens. This availability for use in
high throughput screening for mutations and drugs makes the zebrafish a great adjunct to
other animal models, especially when considering that the mechanisms of learning and
memory are suspected to involve a large number of genes, brain regions, and
neurotransmitters that would otherwise be tedious to study without high throughput
techniques (Al-Imari & Gerlai, 2008).
The completion of the project to sequence the entire genome of Danio rerio has
opened the door to the continued growth of this species' research value, specifically with
a shift into the behavioral field. Because the details of the genome have been mapped, the
zebrafish has become a premiere model organism for genetic screening. As a result,
geneticists have since been able to manipulate the genome to create a plethora of mutant
zebrafish, including those that serve as models of human neurological diseases and
disorders (Rinkwitz, Mourrain, & Becker, 2011). Despite the availability of these
genetically manipulated fish with well documented neural mechanisms, most have yet to
be studied behaviorally.
In order for zebrafish to be an effective model for human cognition, it is important
to assess the comparative neuroanatomy between the species, particularly in regards to
the brain areas commonly implicated in the processes of learning and memory. While the
telencephalon and mesodiencephalon develop differently in the teleost brain, its grand
systemic architecture resembles that of the mammalian brain (Panula et al., 2010).
Obviously, the zebrafish brain is not as complex as that of a mammal, for instance it lacks
the hippocampus and cortex, but behavioral studies have shown this species to be capable
of performing well in learning tasks. This indicates that there are likely structures
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homologous to the human brain areas necessary for completion of these tasks, and
because these fish are operating with a simpler system, it allows for the discovery of the
minimal neural structures requisite for learning, thus making the zebrafish model a useful
reductionist tool (Sison & Gerlai, 2010). Eddins et al. (2009) reiterate this point, noting

that because the neural architecture of the zebrafish brain is different from the
mammalian brain, it is wise to assume that the mechanisms and brain regions involved in
learning differ to a degree. Relevant to the behaviors involved in learning tasks,
particularly those involving discrimination, a study was conducted to evaluate the brain
regions associated with zebrafish choice behavior. The results showed significant activity
of the medial zone of the dorsal telencephalic region, the anatomical homolog of the
mammalian amygdala, thus implicating its role in the cognitive processes associated with
choice in this species (Lau, Mathur, Gould, & Guo , 2011).
Generally, the zebrafish brain is organized in a manner similar to that of their
fellow vertebrates, and while the zebrafish does lack a true mammalian hippocampus, the
lateral pallium appears to be homologous (Tropepe & Sive, 2003). Although the
mesolimbic system is not conserved among zebrafish and mammals, another source
expands to include both the lateral and medial pallium as the areas functioning in the role
of hippocampus and related mesolimbic circuitry (Gould, 2011). Additionally, zebrafish
possess a structure, the optic tectum, which is likened to the neocortex in mammals due
to its size and position (Eddins et al., 2009). In a discussion of the use of zebrafish in
studying drug effects, Guo (2009) acknowledges the existence of differences between the
teleost and mammalian brain and recognizes that there are gaps in the understanding of
zebrafish neuroanatomy; however, she notes that the gross anatomical organization of the
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nervous system is fairly conserved amongst vertebrates and that the existing data present
enough similarities to allow for confident extrapolation of results from zebrafish to
mammals.
Despite the neuroanatomical differences between zebrafish and mammals, they
should both be capable of functioning in similar manners to learn and remember due to
their neurochemical similarities. Eddins et al. (2009) note that their findings show that the
behavioral response of zebrafish to nicotine mirror the effects seen in rodents, and that
this suggests that they share the neurotransmitter and receptor systems necessary for
cognitive processing. Panula et al. (2010) confirm this, stating that along with sharing all
of the same major areas with the mammalian CNS, the zebrafish system uses the same
neurotransmitters, such as GABA, glutamate, dopamine, norepinephrine, serotonin,
histamine, and acetylcholine. As eloquently stated by Ninkovic and Bally-Cuif (2006),
"Zebrafish possess a good balance between simplicity and complexity of its organs and
systems. For example, the fish nervous system is simpler than in rodents, but is still able
to control a variety of complex behaviors such as learning, addiction, aggression,
locomotion, etc." (p. 262).

In light of these benefits, scientists have spent recent years optimizing the
preexisting rodent cognitive tasks to suit zebrafish morphology, selected natural
tendencies, and physical capabilities (D' Mello & Steckler, 1996). Essentially, a growing
trend in neurobehavioral research has been to translate existing experimental designs to
aquatic equivalents. As noted by Stewart and colleagues (2010), these rodent tasks can
logically be transferred to zebrafish, as the exploratory behaviors that serve as the basis
for many of the cognitive tasks have been evolutionarily conserved between zebrafish
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and rats. Even when seemingly major components of tasks must be altered to facilitate
use on an aquatic species, the conclusions that can be drawn regarding the occurrence of
learning should be valid as long as the test maintains focu s on the same cognitive
processes as the original version (D 'Mello & Steckler, 1996). Norton and Bally-Cuif
(20 10) emphasize that assessing zebrafish learning in conjunction with rodent studies is
important, particularly in regards to genetic studies. Confirming that behaviors and
mechanisms are conserved between these two vertebrate species adds strength to their
role as a model for the human species.

Limitations
Although the zebrafish possesses many benefits and affords a host of
opportunities for use in a variety of scientific subdisciplines, there are some limitations of
using this species as a model. While there is growing evidence relating certain zebrafish
brain structures to mammalian counterparts, the fact is that they do not share identical
neuroanatomy, which will inevitably present some restrictions on the conclusions that can
be drawn regarding the regional causes of observed behaviors. It may also limit the
cognitive tasks in which the zebrafish will be able to perform, despite the fact that this
species is capable of some relatively complex aspects of learning (as aforementioned,
potentially via the relocation of these function s to homologous brain structures). For
example, zebrafish do not possess a cortex, so they would not be expected to be able to
;

be tested on attentional set shifting, a task of cognitive flexibility that is controlled by the
prefrontal cortex (Lapiz, Bondi, & Morilak, 2007). In regards to the neurochemistry of
learning and memory, the zebrafish, while possessing many of the same
neurotransmitters as mammals, does not have neurotransmitter-specific neuron
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populations organized in the same way (due mainly to the differences in neuroanatomical
structures). For example, while the overall aminergic systems are highly conserved
amongst vertebrate species, the zebrafish catecholaminergic system differs due to an
abundance of these neurons in the telencephalon and a lack of dopaminergic neurons in
the midbrain (Panula et al., 2010).
Another limitation of the zebrafish model pertains specifically to pharmacological
studies. The most common method of drug administration is via a bath solution, in which
the fish swim in ambient water containing a given dosage of the drug. Zebrafish are
known to absorb most water-soluble drugs through this procedure (Echevarria,
Hammack, Pratt, & Hosemann, 2008); however, the exact uptake can vary (Best &
Alderton, 2008). This issue can be circumvented if preliminary studies conduct
measurements to confirm that the absorption into the zebrafish adequately reflects the
drug concentration in the water. Alternatively, the drugs may be administered at precise
concentrations via intraperitoneal injections (IP), according to a recent protocol
developed for this particular species (Kinkel, Eames, Philipson, & Prince, 2010). This
method is particularly advantageous when using compounds that are not water soluble, or
are less economical to use in the larger doses required for the water solutions in the
absorption technique.
Also, as with any model species, the zebrafish cannot represent human disorders
to the full extent. Because of the complexities of the human brain and its corresponding
diseases and psychopathies, the necessary approach to model studies should be to assess
the apparent behaviors and their molecular and cellular underpinnings, and contextualize
them to the individual species of study (Guo, 2004). Information garnered from these
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model species can then indicate the appropriate avenues of research to investigate further
in more complex models, or humans directly. While acknowledging the limitations of this
particular model, the accumulation of information regarding this species shows that the
zebrafish is an excellent candidate for modeling a variety of conditions, as it represents
an ideal balance between complexity and simplicity, both in anatomy and behavior.
History of the T-maze
The T-maze has been utilized as an apparatus for testing learning and memory in
the zebrafish. While the specific design of the T-maze setup can be varied, traditionally
this apparatus is constructed of Plexiglas, with two shorter arms connected at 90° angles
from a junction point with the long stem of the maze (Avdesh et al., 2012; Colwill et al.,
2005; Gould, 2011). Plexiglas doors may be inserted at various positions within the
maze; most often to secure the fish in a start box at the distal end of the stem or to confine
it in an arm for punishment or reward after a choice is made.
This streamlined version of the T-maze represents the aquatic translation of the Tmaze that has been utilized for decades with rodent subjects. Researchers have
collectively established the T-maze as a valuable assessment tool and scores of
pharmacological studies reveal it to be a paradigm appropriate for studying learning and
memory. Some classic rodent studies utilized compound T-mazes with multiple Ts
stemming from one another, building into a large and complex maze (Restle, 1957;
Tolman, 1948), while the majority of subsequent studies generally employed a single T
version.
The T-maze is a testing apparatus that can be used in a variety of ways, as is
shown in the vast rodent literature. A primary utility of this apparatus has been in testing
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discrimination learning in rats in a simple maze format. More specifically, it has been
instrumental in evaluating which cues, extra-maze or kinesthetic, are relevant to the
animal's ability to learn the task (Restle, 1957). Additionally, it has been used to study
what, if any, sort of cognitive mapping underlies the observable maze learning behavior
in rodents (Tolman, 1948).
The decades-long establishment of rats and mice as standard vertebrate models
has afforded the field ample time to accumulate an abundance of studies using the Tmaze. Within the rodent literature, acquisition, retention, spontaneous alternation, and
delayed alternation are some of the dependent variables that appear to be a common
denominator. The widespread use of this apparatus is in part due to its value as a simple
behavioral paradigm that can be modified in a number of ways and used to investigate
spatial memory (Sharma, Rackoczy, & Brown-Borg, 2010). Additional reports show how
the T-maze can be employed to assess cognitive behavior via foot shock avoidance; and
also drug, color, or appetitive discrimination. Alternatively, a related apparatus, the
elevated T-maze, has been commonly used in studies of anxiety in rats and mice.
A meta-analysis of rodent data was conducted by Myhrer (2003) to discover the
neurotransmitters involved in learning and memory; particularly emphasizing the value of
this information with regards to understanding the neural underpinnings of Alzheimer's
disease. Additionally, Myhrer noted the value of neurotransmitter research as it pertained
to long term potentiation (LTP), a process pertinent to memory that appears to be
dependent primarily on glutamate, although there is evidence for additional influence
from GABA, acetylcholine, dopamine, norepinephrine, and serotonin. In this metaanalysis, four different behavioral tasks were assessed, including the T-maze, to evaluate
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the involvement of neurotransmitters in learning and memory. An additional goal was to
determine which neurotransmitters were most influential in which conditions and if there
was differential involvement in the different tasks. In regards to the T-maze task, the
rodents' learning and memory, as indicated by spontaneous alternation performance, was
significantly affected in some way by all of the compounds administered that targeted
various neurotransmitter systems. Additionally, Myhrer (2003) noted that of the four
behavioral paradigms, the T-maze task was most sensitive to drug intervention. Included
in the discussion of differential neurotransmitter functions in learning, is mention that
acetylcholine is generally influential in cognitive performance and attention, serotonin
often operates concurrently with acetylcholine in cognitive processing; and that dopamine
specifically seems to be relevant to spatial learning processes, motivation, and appetitive
tasks. The general conclusions about the roles of individual and interacting
neurotransmitter systems that have been found in rodent models provide the burgeoning
zebrafish field with leads into what neurotransmitters to target in studies of specific
components of learning and memory. Despite these findings coming from different
species, the data in the rodent literature serve as a valuable blue print for the field of
zebrafish research. This supports the value of the T-maze and reminds us of the
importance of further developing this task with zebrafish.
While the data collected from animal model studies is invaluable, it is imperative
that we understand the degree to which it depicts the human condition. To accomplish
this, we must first know the performance level of humans and the details of their learning
and memory abilities; then can we draw conclusions about how representative our models
are. In 1991, a study was conducted with human patients that had undergone lobectomies
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(Daum, Schugens, Channon, Polkey, & Gray, 1991). Patients were grouped as either
having had surgery on the left temporal lobe, right temporal lobe, or frontal lobe. A
computerized discrimination T-maze task was employed and allowed for the assessment
of cognitive behaviors. The test was very much like a discrimination task performed by
animal subjects; patients directed a computer mouse to either arm of the T-maze based on
whether the background color cued entry into the left or right arm. The purpose of this
study was to determine if these specific lobectomies impaired acquisition of the task, but
the experimenters also investigated the subjects' performance when the conditions of the
task were reversed without notification. The results showed that patients with the right
temporal lobectomies were slower to learn the task than the others and that both temporal
lobectomy groups were unimpaired in the reversal task, while the patients with frontal
cortex lesions were slightly impaired. Like the findings with animal models, the
dependent measures on the T-maze task were found to be selectively sensitive to specific
brain areas.
The T-Maze with Zebrafish
One of the most basic ways this apparatus has been utilized in zebrafish research
is as a simple maze to test spatial memory and navigation. In this task, one of the ends of
the T-maze leads to a deep area with substrate and plants, which serves as a desirable
enriched environment. After the fish first discovers this area, it is expected that the
zebrafish will encode its location within spatial memory and there will then be an inverse
relationship between trial number and latency to enter the enriched environment. This
task has been used as a test of learning and memory to serve as a control for the other
manipulations and measurements in a study, for example, to show that conditioned place
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preference changes were happening due to e.g. drugs or mutations, and not due to
detriment to the subject's memory (Darland & Dowling, 2001; Ninkovic & Bally-Cuif,
2006; Ninkovic et al., 2006; Swain, Sigstad, & Scalzo, 2004).
Additional tests of zebrafish learning and memory have been conducted using the
plus maze, an apparatus similar to the T-maze, only differing in shape. The plus maze
consists of four equal length arms extending from a central juncture point. This is the
zebrafish equivalent of the radial arm maze which is used to test spatial and non-spatial
associative learning in rodents (Sison & Gerlai, 2010). In the test of non-spatial learning,
fish performed a cued memory task (Sison & Gerlai, 2010). Zebrafish learned to
associate an internal maze cue (a red card) with a food reward and exhibited a preference
for entering the arm marked with the red card, regardless of position. An additional
component to Sison and Gerlai's (2010) study was a spatial test, much like the classic
Morris Water Maze task for rats. This task also required the fish to learn to associate a
cue with the location in which they would receive a reward, but this time the cues were
external cues from the room, such as the position of lights or laboratory equipment.
Zebrafish were also successful at this task. The measures of this task were which arm was
selected and how much time passed before entering a choice chamber (choice latency). In
this study, the experimenters were very cautious to not stress the fish and employed a
thorough series of pre-training phases that allowed the fish to gradually acclimate to the
testing apparatus and being devoid of their shoalmates.
Gaikwad et al. (2011) tested stress effects on learning using the same protocol as
Sison and Gerlai (2010). Prior to testing, the fish were exposed to acute stress conditions,
in the form of either an alarm pheromone or the presence of a predator. Both of these
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stressors had negative impacts on the subjects' ability to learn the spatial and non-spatial
tasks. This study analyzed a number of measurements, which allowed them to rule out
alternative explanations for the findings, such as decreased foraging motivation or
increased escape-seeking. These extra analyses are important to ensure that the apparent
results are not just due to alternate factors, for example, decreased locomotor activity.
The authors emphasize the importance of this behavioral paradigm and discuss the need
for future research using the plus maze. They suggest using it to potentially evaluate the
effects of drugs or genetic manipulations, as well as sex and strain differences. Arguably,
the use of the T-maze for such tests would be equally appropriate.

Colwill T-maze Study
The most pertinent use of the T-maze was conducted by Colwill and colleagues,
in which the apparatus was used to study visual discrimination learning in zebrafish
(Colwill et al., 2005). In this non-spatial appetitive learning task, individual zebrafish
were trained to di scriminate between two different colored or patterned arms and enter
the arm of the T lined in the designated color or pattern. Correct choices were rewarded
with food and incorrect choices resulted in a 30 second confinement. Different iterations
of this same learning task were conducted with purple/green colors, red/blue colors, and
horizontal/vertical black stripes. The whole study assessed varying components of
learning, including acquisition, extinction, and reversal.
The fish underwent a series of acclimation pre-training trials prior to the a~tual
task to eliminate any confounding effects of stress or anxiety associated with isolation in
a novel environment. For the actual discrimination task, the fish began each trial
acclimating in the start box at the end of the long stem of the maze. After a gate was
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raised, the fish was free to swim into the maze and choose between the two arms. Once
the fish swam into one of the choice boxes (arms), it was confined to that area with a
lowered gate for 30 seconds before being netted and returned to the start box for
subsequent trials. If the choice was correct, the fish was rewarded with food and if it was
incorrect, a correction trial would follow , with the previously chosen side blocked off.
Once the fish had learned to choose their assigned color, a series of extinction sessions
were conducted to see if the preference for their particular color would diminish when
there were no rewards given. Finally, following extinction, trials were run in which the
alternate color would be rewarded, testing discrimination reversal. For each of these trials
the experimenters recorded latency to enter one of the choice boxes and whether or not it
was correct.
The results of this study show that in all three versions of the task, the zebrafish
possessed the cognitive abilities necessary to learn to discriminate between the two colors
or patterns and successfully select the correct one. Over the course of the trials, the
latency to choose decreased. In addition to being able to learn the original task, the fish
were also capable of learning to reverse their preferences. Finally, the conclusion that the
fish learned to choose a certain color or pattern based on being given a food reward was
strengthened by the observed extinction of success with the retiring of the reward
administration.
The authors note that these findings of successful acquisition of discrimination
learning in a non-mammal suggest that it may reflect a trait ubiquitous amongst animals.
Furthermore, they predict that the zebrafish is soon likely to be recognized as an optimal
model system, specifically for genetic studies of behavioral plasticity. Studies of the
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normal behavior of zebrafish and a better understanding of their behavioral repertoire and
learning capabilities will allow for comparisons to other species to determine the extent
to which these behaviors and abilities are shared across vertebrates.
The utility of this T-maze discrimination task was expanded upon by Gould
(2011) in her description of a protocol for testing the functionality of psychostimulant
drug rewards as opposed to food rewards. The same learning-extinction-reversal
paradigm was to be maintained, but with the modification that upon swimming into the
choice area, the fish would enter a box that could be removed from the apparatus. The
dissolved drug reward could then be administered directly to the fish via the water in the
box, as to avoid contaminating the water in the whole apparatus. To further explore the
nature of behavioral responses to drug rewards, the author suggested the option of pretrial exposure to compounds known to alter reward seeking behavior.
Study Rationale
Although the behavioral field of zebrafish research has experienced recent
growth, it is still a relatively new niche that requires expansion. As stated by Al-Imari
and Gerlai (2008), zebrafish have not yet been tested as thoroughly as the classic
vertebrate models, rodents, but the continuation of behavioral research on this species
could yield significant insight into the neural mechanisms of learning and memory. The
widespread applicability of the T-maze in the rodent world makes the proposed task a
likely candidate to help address this relative deficiency in the zebrafish field in regards to
learning and memory. The charge then, is to put the emphasis on developing a
parsimonious methodology, validating dependent measures, and establishing task
reliability. In order to accomplish these goals, it is imperative that care be taken to clearly
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state the specific aspects of learning and memory to be studied, and that the
accompanying dependent measures be operationally defined; as has been done within the
corresponding rodent literature. A task would then exist that is quick, easy-to-use, valid,
reliable, and sensitive to the intricacies of learning and memory. Therefore, the
methodology could be replicated in any zebrafish laboratory. The resultant data should
converge and supplement the vast rodent data related to system functioning and behavior.
The zebrafish model would be a valuable adjunct as science moves forward in bettering
our understanding of the human condition through animal modeling.
Recently, Karnik and Gerlai (2012) acknowledged that due to the increased
popularity of this model in behavioral tests and the data being collected, the statement
was being made that zebrafish are capable of spatial learning. The authors noted that the
phenomenon being attributed to this complex learning task may instead, be due to the
much simpler cognitive ability of relational learning or CS-US association. After
conducting a carefully designed experiment, they concluded that the fish were in fact,
forming associations between spatial cues and the target location. This study, while not
using the T-maze or non-spatial memory, exemplifies the type of critical analysis that
needs to be prioritized. Avdesh et al. (201 2) also state that there are concerns within the
field of mouse transgenic modeling, in that the existing models may no longer be optimal
for representing the human condition. This point further emphasizes the need to bolster
the use of zebrafish in behavioral studies.
In spite of the many obvious benefits of using zebrafish in behavioral tests and
their growing popularity in the field of neurobehavior, there are remarkably few existing
publications indicating their use, particularly in comparison to rodents (Si son & Gerlai,
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2010). This fact is also recognized by Al-Imari and Gerlai (2008), with the addition that it
may be due to a lack of thorough development of this species as a model. Specifically,
they discuss the need for the characterization of its behavioral repertoire and the
establishment and validation of reliable tests of target behaviors. This point is mirrored
by statements of Avdesh et al. (2012), noting that various transgenic zebrafish models of
neurodegenerative diseases have been created, evaluative methods exist for zebrafish
behavior, and that this species has been characterized biochemically. Taken together, this
suggests that all the pieces are present to make the zebrafish an optimal model, if only the
last piece, use of valid behavioral tests, were added. The limited number of available
behavioral assays for learning and memory in zebrafish was also acknowledged by
Bilotta, Risner, Davis, and Haggbloom (2005), a deficiency they contributed to rectifying
by reporting their development of a novel appetitive choice discrimination learning task.
In many ways, the trajectory of the zebrafish as a model species has followed that
previously traversed by the rat and mouse models. The maturation of the field of genetics
allowed for the advent of transgenic mice and with them, the need for a tool to assess the
effects of these specific induced mutations. Behavioral tests were developed to satisfy
this need. Upon their frequent use by molecular neurobiologists, it was acknowledged
that these behavioral paradigms required more exhaustive review and modification to
ensure that false positive or negative findings were not being reported (Gerlai, 2001).
Such is the current state of neurobehavioral research on zebrafish, a sentiment
reflected directly by A vdesh et al. (2012), "As more neurodegenerative transgenic
[zebrafish] models are being developed, there is greater interest in developing behavioral
assays to functionally validate these models and also provide functional assays for high
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throughput drug evaluation" (p. 460). For example, directed genetic mutations have
rendered zebrafish models of Parkinson's and Alzheimer's disease (Kabashi, Brustein,
Champagne, & Drapeau, 2011). When defined at the most rudimentary level,
Parkinson's is a disease of locomotor impairment and Alzheimer's is one of deficient
memory. Given that the T-maze is a tool that can be used to test both locomotion and
memory, it would seem readily apparent that the behaviors associated with these diseases
could be tested using this apparatus. These and other models of neurological diseases are
valuable resources that will remain underutilized until their behavioral repertoires have
been categorized and tested; emphasizing the necessity of developing the appropriate
testing procedures. The biogenetics community has established many zebrafish mutants
and subsequent behavioral analyses may provide key insight and additional information
related to diseased states and their potential pharmaceutical treatment.
This relative paucity of behavioral studies on learning in zebrafish can be
diminished through increased use of the T-maze. As has been shown, this one apparatus
can be modified in a number of ways and used to test a variety of factors involved in
learning and memory. The T-maze can be used to investigate working, reference, spatial,
and non-spatial memory; acquisition, reversal, retention, and extinction of memory; the
effects of drugs, genetic mutations, and brain lesions; avoidance, preference,
discrimination, and alternation; and countless other aspects of cognition. Even just in
reference to alternation tasks, the T-maze has been lauded for its simplicity, sensitivity,
and "universal applicability in detecting cognitive dysfunction" (Deacon & Rawlins,
2006, p. 7). Effectively, use of this single apparatus allows for the convergence of
information from zebrafish studies, as data can be compiled to provide a fuller
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understanding of learning and memory. This is coupled with the fact that the T-maze is
appropriate for testing multiple models (i.e. humans, mice, rats, gerbils, larval and adult
zebrafish), thus providing researchers with opportunities to utilize the benefits of each
model and assemble the fullest possible picture of the neurobiology behind these
cognitive behaviors.
Study Development
Recognizing the value of the zebrafish model, the necessity to broaden the
availability of effective and efficient tasks to test cognitive behaviors, and the widespread
applicability of the T-maze, this study was proposed to develop and test a T-maze color
discrimination learning task for zebrafish. The prominent Colwill et al. (2005) study
(henceforth referred to as the original study) served as the basis of the experiment. The
original study showed that this particular T-maze task was appropriate for testing learning
and memory in zebrafish; motivating our efforts to build upon this established foundation
and develop a task that would yield results from which we could study learning and
memory on a finer scale. One of the primary steps to accomplishing this was reducing the
possibility that extraneous variables were influencing the results. This was an essential
component to reaching the desired level of clarity and confidence in our conclusions
about zebrafish learning and memory. Our aim was to accomplish this by taking a
programmatic approach to determining the proposed modifications to the original
protocol. Essentially, the development of this project began as a replication of Colwill et
al. ' s original study. After testing a few fish under the original protocol, a series of
incremental modifications were made to the apparatus and protocol as part of a pilot
study. The intent throughout this pilot testing was to examine the current state of the
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experimental procedure and adjust it as necessary to foster the evolution of this task into
one that was capable of measuring behavioral indicators of learning to a more detailed
degree. The goal was to modify this task in a programmatic way, only making gradual
changes, and only in instances that it was deemed necessary to make the test more
efficient and/or effective in measuring the details of non-spatial learning. A summary of
the changes and the reasons for doing so is as follows:
The first major alteration to the original methods occurred prior to any testing and
changed the way that the fish would be analyzed. The Colwill study analyzed learning
performance at the group level, comparing the green group to the purple group. Now, in
addition to group analysis, fish would be analyzed singly, in order to track performance at
the individual level and elucidate any individual differences that may have otherwise
been lost amongst the data from the other fish in the group. Additionally, the number of
trials per session was increased from four, which allows for a more clear depiction of
learning acquisition, as indicated by changes in number and percent correct over the
course of trials. Determining individual differences may allow for more thorough
understanding of the learning process and potentially one day, the development of
neurological drugs targeted to individuals outside the median range.

In the original study, the T-maze apparatus was specifically described, but the
general set-up for the task was lacking detail. After running just one trial with the original
protocol, the need for some additions to the set-up became readily apparent. First of all,
the maze needed to be lined with white contact paper; on the bottom to create contrast to
the fish so it could be easily seen on the video; and on the walls to make them opaque, so
objects or movement in the room would not distract the fish. Most importantly, the gates
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to the arms needed to be operated by pulley system. Initial attempts to constrain the fish
in an arm after a choice by inserting the Plexiglas wall by hand were frequently
unsuccessful, as the fish were startled by the approaching object from above and would
quickly dart out of the arm before the gate could be inserted. This severely hindered the
ability to accurately reward positive choices with food and instead, the zebrafish were
likely associating the unpleasant aerial disturbance with entering an arm. It is unclear
whether pulley-operated gates were a part of the original protocol, as the authors stated
only that a "door was lowered", not specifying whether this was done by hand or via
pulley (Colwill et al. , 2005, p. 20). So a PVC frame was constructed and a pulley system
was affixed. Another gate-related change was to entirely remove the start gate after the
acclimation time was complete; instead of raising it, waiting for the fish to leave the start
box, and replacing the gate. Very frequently, the fish would not readily leave the start box
for an extended period of time. During one set of pilot trials, a plastic ruler was inserted
after 1 minute in the start box and used to guide the fi sh out if it had not left voluntarily.
Some fish still behaved in a manner indicating a reluctance to leave, or exhibited
extended freezing bouts, indicating fear or stress. This was not deemed an appropriate
solution, as it inserted unwanted interruption of the zebrafish's normal behavior, and
likely interfered with its ability to devote cognitive resources to learning the color
association. Instead it seemed that removal of the start gate entirely would best alleviate
the potential undue stress on the fish and the unnecessary human involvement in the
trials.
In the original protocol, the fish received very little exposure to the apparatus and
task prior to the discrimination trials; only participating in two pre-training sessions with
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four trials each. Being a prey species, it has been evolutionarily advantageous for
zebrafish to startle and respond to potential threats fairly easily. Resultantly, they exhibit
a number of stress response behaviors, such as darting, freezing, diving, or jumping
(Luca & Gerlai, 2012). While these behaviors serve them well in natural environments,
they only serve as interruptions in an experimental learning task. In order to eradicate
these behaviors as much as possible during the experimental trials, more prediscrimination phases were added to eliminate what Gaikwad et al. (2011) referred to as
"procedural novelty stress" (p. 225). The expansion of the pre-discrimination procedure
was a vital component in accomplishing our goal of eliminating the influences of
extraneous variables, specifically those stemming from this procedural novelty stress.
The added pre-discrimination phases model those performed by zebrafish in Sison and
Gerlai's (2010) study of associative learning in the plus maze. The protocol of the current
task, then, included phases of habituation, shaping, reward, pre-training, and
discrimination trials (as described below in methods).
As part of the appeal of using the zebrafish model is that this species can be tested
in a shorter amount of time than rodents, efforts were made to decrease the time of each
step as much as possible without losing its efficacy. For example, the original Colwill
protocol had a maximum trial length of 10 minutes; however, pilot data indicated that in
cases of omission, fish would rarely make a choice in the second half of the trial.
Analyzing the pilot data further, it was determined that the amount of omissions would
not change significantly if the trials had been stopped at five instead of 10 minutes. This
led to the deci sion to amend the protocol and limit the trial length to five minutes;
essentially cutting the total time in half and allowing for the increased number of trials to
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still be conducted in a reasonable amount of time. Also, the inter-trial acclimation period
was cut from two minutes to one minute, to further streamline the procedure.
Drug Study

In an article discussing further steps that could be taken with Col will et al. ' s
(2005) color discrimination task, Gould (2011) emphasized the importance of expanding
efforts to learn about the neurotransmitter systems related to associative learning. She
suggested the incorporation of pre-trial drug administration to explore the nature of
. chemical effects on behavioral responses. By conducting pharmacological explorations,
information can be garnered about the drug actions and the underlying neural network.
Additionally, results showing that alcohol has effects similar to their established effects
in other vertebrate mammals, would serve to establish face and construct validity of this
T-maze task; confirming that it accurately assesses the intended aspects of learning and
memory. Accordingly, we decided to include a drug administration component to this
study, in addition to the primary experiment of baseline learning in the T-maze task.
Alcohol (ethanol) was selected as the drug to be tested to expand upon the
existing research pertaining to alcohol's effects on zebrafish cognitive task performance
in the T-maze. One study utilized the T-maze to measure the impact of chronic high dose
(1 % EtOH) alcohol on the fish' s ability to learn and remember the location of an

enrichment area located within the apparatus (Yang, Kim, Chol, Koh, & Lee, 2003). In
this study, fish that were exposed to alcohol did not improve over repeated trials to find
the enriched area, unlike the controls. Additionally, the alcohol exposed fish differed
from control fish in that they did not spend a significant amount of time near the
enrichment area during a probe trial in which access to the enrichment area was blocked.
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This suggests that the alcohol impeded their ability to learn, or encode the location of the
area during training. In this study, alcohol was deleterious to performance on the spatial
component of the T-maze experiment, but had no effect in a separate active avoidance
task. The differential effect of alcohol on these two types of learning suggests the
involvement of different processing pathways and that the neural substrate underlying
spatial learning was selectively impaired by the presence of alcohol. The fact that the
zebrafish brain operates differently in spatial and non-spatial learning supports the
finding from ablation studies in the closely related species, goldfish, revealing that two
different areas of the telencephalon corresponded to these two different types of learning
(Portavella, Vargas, Torres, & Salas, 2002). Additionally, the zebrafish model reveals the
same vulnerability to alcohol on spatial task performance that is seen in the mammalian
model counterpart, the rat.
An additional reason for our interest in the influence of alcohol on learning and
memory comes via its function as an anxiolytic. Previous research in our lab found that at
low doses (0.0625% and 0.25 %), acute exposure to alcohol caused a significant decrease
in anxiety in zebrafish, as measured by the biological marker of stress, whole body
cortisol (unpublished data). A behavioral study on the effects of alcohol found
complementary results, with acute alcohol exhibiting anxiolytic effects at lower doses
(Mathur & Guo, 2011). While the abovementioned study found alcohol exposure to be
detrimental to learning, special note should be made of the dose dependent nature of
alcohol ; showing varied and even opposite effects at different doses. When 1% EtOH was
used in our beaker stress study, it did not alter stress levels in the fish, showing that
alcohol loses its anxiolytic properties at higher doses (as was supported by the finding of
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no change at 0.5% and 0.75%). Other compounds with known anxiolytic effects, e.g.
piracetam (Grossman et al., 2011) and nicotine (Levin, 2011), have also been associated
with nootropic effects, suggesting that perhaps the stress alleviating effects of low dose
acute alcohol may mediate or coincide with cognitive enhancement.
For the present study, the drug study was conducted as a within-subjects design,
with the fish being tested in alcohol conditions after their performance in the nine days of
the baseline task. This design allows for the determination of the effects of alcohol on
zebrafish memory after the fish have learned the association between color and reward in
this discrimination T-maze task. The fish were tested in discrimination sessions with the
exact same methods as before; the only difference being that the fish were exposed to
alcohol for 15 minutes prior to testing. Because the process of training and testing the fish
in this task involved a notable commitment of time, we wanted to use the opportunity to
garner as much information as possible regarding the effects of alcohol on performance.
Accordingly, the drug study was designed with the administration of three different
alcohol doses (0.0625%, 0.75%, and 1.5% EtOH) on three separate days (10, 15, and 20).
By testing multiple doses of alcohol, we allowed the opportunity to discover more
concordant results regarding the dose-dependent effects of alcohol on zebrafish behavior.
The doses were chosen to represent a low dose with known anxiolytic effects on cortisol
levels (0.0625% ), a medium-high dose known to cause intoxication (0.75% ), and a high
dose to test if there was an upper limit at which the alcohol could be said to directly affect
cognitive behaviors (1.5% ). This method of repeat acute alcohol exposure with fixed
doses at fixed time points is relatively novel to zebrafish behavioral studies, as previous
studies have generally focused on single acute exposure or continued chronic exposure.
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Our method of multiple acute exposures may potentially show a pattern of effects that
would not be exposed with a single exposure. Fish with previous exposure to alcohol may
respond differently to a dose of alcohol than fish nai've to the compound. For example,
the fish in our study could potentially show a behavioral response to 0.75% EtOH after
having previously being exposed to 0.0625% EtOH that differs from the response of fish
exposed only to 0.75% EtOH. Each exposure to alcohol may result in some long-lasting
changes to the zebrafish neuronal system that affect subsequent performance; a notion
supported by research showing that ethanol exposure results in significant changes in
metabolites and gene expression in zebrafish (Kily et al., 2008; Pan, Kaiguo, Razak,
Westwood, & Gerlai, 2011 ; Rico, Rosemberg, Dias, Bogo, & Bonan, 2007)
Study Measures
As previously presented, one of the most valuable aspects of the T-maze is that it
can be used to study different components of learning and memory (e.g. spatial memory,
non-spatial memory, acquisition, retention, etc.); however, it coincides with the dilemma
that, in a given study, it can be unclear which specific components were assessed.
Moving forward, it should be requisite to clearly identify the targeted aspects of learning
and memory to be studied. This will allow for replication amongst labs and a
convergence and comparison of results from learning and memory studies.
Broadly speaking, the present study investigated the learning abilities of zebrafish
in a T-maze color discrimination learning task. More specifically, the use of this
apparatus was to assess learning acquisition in a non-spatial task. The side of the correct
color was randomized, so learning the spatial location of the color would not lead to
success in this task. The key to performance success was to discriminate between the two

32
colors and learn that only one would consistently be rewarded. In other words, the fish
were required to associate the correct color with the reward received. Ultimately, this
study represents a reductionist empirical approach to studying the process involved in
establishing a learned association between a neutral stimulus and a reward. Subjects in
this study were tested in discrimination sessions for 20 days; after which, their
performance data was analyzed, allowing us to determine if the fish successfu lly acquired
the learned association between color and reward. Our operational definition of learning
acquisition is an increase in performance success on this task over repeated trials. To
conclude that an individual fish has successfully learned the task, the performance data
need to show an elevated, stable baseline performance over a series of days. This allows
for confidence in concluding the association has been made and retained, and does not,
for example, merely represent one session in which the fish performed well by chance.
Success in this task was measured by the number and percentage of completed trials and
correct choices, with a choice defined as the fish completely entering an arm of the T and
being contained via gate in the choice box.

33
CHAPTER II
METHODS
Subjects
Twenty seven adult zebrafish (Damo reno) were used in this study Both males
and females were mcluded, all of which were expenmentally na"ive. The subjects were
randomly divided into two groups and assigned green or purple as the1r designated target
correct color The test subjects were first generat10n offspnng of seven AB stram adult
breedmg pa1rs of zebrafish purchased from licensed laboratory fish provider (Zebrafish
International Resource Center; Eugene, OR, USA)
Housmg and Husbandry
The laboratory zebrafish are housed m groups of 20-30 fish per lOL tank m an
Aquatic Habitats (Flonda, USA) standalone rack system and fed TetraMin fish flakes
(Melle, Germany) 1-2 times daily They are kept on a 14 10h light: dark schedule,
mamtamed daily by an automated system. Water quality 1s mamtamed at a level of 26280C, pH of 7-8, and salmity of 0.5-2 ppt by a 5-stage Aquatic Habitats filtration system.
At least one week pnor to testing, fish were randomly selected from the
populat10n and housed mdiv1dually m IL tanks within the same Aquatic Habitats system.
As to mmimize potential impacts of stress due to 1solat10n, the mdiv1dual tanks are
spaced such that the fish can mamtam visual contact with their ne1ghbonng conspecifics.
For the 24 hours precedmg the1r first exposure to the T-maze, the focal zebrafish were
food depnved m order to mduce hunger and thus, motivation to perform m this
appet1t1vely dnven task.
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T-maze
Apparatus

The T-maze apparatus (Figure 1) 1s modified from an ex1stmg plus maze with the
back arm blocked off by an opaque wall. It 1s constructed of Plexiglas, with two shorter
(20 cm) arms connected at 90° angles from a Junction point with the long (50 cm) stem of
the maze. All port10ns of the apparatus have a width and height of 10 cm. Slots m the
walls of the apparatus occur every 10 cm and clear Plexiglas doors or vertically slidmg
gates (lOxlO cm) may be mserted at various pos1t10ns withm the maze for architectural
modification, most often to secure the fish in a start box at the distal end of the stem or to
confine 1t m an arm for punishment of reward after a choice is made.

Figure 1 Photograph of the T-maze apparatus and set-up.
Set-up

For this study, a door was mserted m the first slot at the distal end of the stem,
creating a start box m which the zebrafish were placed for acclimation pnor to each tnal.
Gates that could be raised and lowered via pulley system were inserted at the beginning
of each arm, marking the choice boxes m which the fish were confined upon entenng.
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The extenor of the T-maze stem was covered in opaque white contact paper so as to
eliminate visual d1stract1ons or any external movement in the room from startlrng the fish.
The arms of the maze (ch01ce boxes) remarned transparent, so the color of the attached
sleeves could be seen from w1thm. The floor of the apparatus was also covered m white
contact paper m order to establish contrast with the fish, so its locat10n could be
detectable dunng tnals while bemg viewed via live camera feed. The plastic colored
sleeves fit flush agamst the transparent wall surroundrng the choice boxes. The color of
the sleeves was purple or green, as was used m the ongmal study (Colw1ll et al., 2005).
Standard green fish nets were not used at any pomt with the potential subject population.
Instead, the net used to catch and transport the fish was constructed of blue wire with a
white net. This was to ehmmate the possib1hty that the fish would associate the color
green with the distress of confinement and removal from water which could have induced
bias agamst that color and potentially mfluenced the results of the d1scnmmat10n learnmg
study
For each trial, the T-maze was filled with 6cm of water from the home system.
For each session of trials, the same water remained m the apparatus, however, 1t was
changed between each fish to elimrnate any potential stress pheromones or other
chem1cal cues that could mfluence the behav10r of the subsequent fish. Water
temperature was mamtamed at 26-28° by a water heater placed m the reservoir from
which the water was drawn.
A PVC pipe frame was constructed to sit around the T-maze, on which gate
pulleys were affixed, along with small lights along the bottom, to ehm1nate any shadows
from the frame. Addit10nally, a camera (Log1tech Carl Zeiss 2MP Autofocus Tessar
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2.0/3 7) mounted on a tripod was placed approximately 60cm above the surface of the
water to record the experiments. This camera was connected to a computer (Apple
PowerBook G4) to provide a live feed that was viewed in QuickTime by the
experimenter during trials, m order to view the current behav10r of the zebrafish and react
accordmgly (i.e. closing gates, admm1stering reward) without disturbmg the fish by
standmg over the apparatus. Throughout the session, the experimenter was posit10ned
beyond the distal end of the stem and remamed seated, with the except10ns of when
admm1stering food rewards or nettmg the fish and placing 1t m the start box between
sessions. All efforts were taken to elimmate shadows being cast on the T-maze, so the
fish would not be stressed by what would likely be interpreted as a potential aerial
predator
Reward
As this was an appet1tively driven task, the reward for the zebrafish m this task
was food, specifically live brine shrimp. The brine shrimp serve as a reward because they
are not part of the zebrafishes' regular diet, are protein rich, and their sw1mmmg
movements likely mcite the fi shes' hunting mstmcts. The food reward consisted of one
drop contammg 5-10 brine shrimp, admmistered via syringe. The brine shrimp were
produced m lab from dried eggs (Larval AP 100 m1crons) purchased from Zeigler
(Gardners, PA, USA), with a new batch every two to three days.
Color Discrim1nat1on Learnmg Task
Habituation
The first phase of the experiment (days 1-3) allowed the zebrafish to habituate to
the novel environment of the T-maze. For habituation, the apparatus was modified such
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that the arms of the maze were blocked by an opaque wall, meaning that there were no
choices to be made m this phase. For each tnal, a smgle fish was placed m the start box
for a 1 mm acclimation penod (to recover from any stress mduced by nettmg and
transfer), after which the gate was removed and the subject was free to swim within the
stem of the maze. Upon removal of the gate and release from the start box, a food reward
was adffilmstered at the end of the stem. This served to motivate the behav10r to explore
the apparatus and swim to the far end of the maze. Another drop was adffilmstered after 2
and 4 mm. Each tnal lasted a total of 7 ffiln (1 ffiln acclimation, 6 ffiln free swim) This
procedure was repeated for each subject, with the water changed between fish and one
tnal per day per fish.
Shaping

The second phase was an operant condit10nmg technique that mvolved shaping
the behav10r of the subject. It was an advancement from the habituation phase in which
the fish were rewarded as they mcrementally moved closer to the desired outcome
behavior During days 4-6, a protocol similar to that of the habituation phase was
employed; the key difference being that the arm-blockmg door was no longer present and
the zebrafish was allowed access to the ent1re open T After a 1 ffiln acclimation period m
the start box, the gate was removed. The bnne shnmp drops at 0, 2, and 4 mm were
deposited m the junct10n of the maze between the stem and side arms. Both arms were
lined with the same color (green or purple), which was the subject' s previously assigned
color that would later be rewarded upon correct entry Again, each fish performed one
tnal per day
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Reward
The third phase was another step in the operant cond1tionmg of the fish toward the
des1red behavior Tnals on days 7-9 were used to teach the fish to associate swimmmg
mto the ch01ce box with the1r assigned color with rece1vmg a food reward. After the usual
1 mm acchmat10n penod m the start box, the fish each had a daily 10 mm tnal m the
open T-maze, which was still fit with arm sleeves both m the correct color Each time the
fish crossed the threshold mto an arm, a drop of bnne was admimstered to the distal end
of that arm. No gates were used to confine the fish m the choice boxes and rewards were
given for every entry mto a choice box, regardless of frequency

Pre-training
For the final pre-d1scriminat10n phase on days 10-13, the arms of the T-maze were
agam fitted with the same correct colored plastic sleeves The fish was m1tially placed m
the start box for a 1 min acclimation penod, after which the gate was opened and the
timer was started. Once out of the start box, the choice box gates were raised via pulleys
and the fish had 5 min to make a choice. After entenng one of the choice boxes, the gates
were lowered, a food reward was immediately admimstered, and the fish spent 30 sec m
the arm. After the 30 sec, the fish was netted and returned to the start box for a 1 mm
acchmat10n penod. If the fish did not make a choice w1thm the 5 mm penod, 1t was
considered an omission, the fish was netted, and the tnal was re-run. After makmg an
m1tiaJ choice, the arm that the fish prev10usly entered was blocked off by a clear
Plexiglas wall. The fish was then released from the start box again and had 5 mm to enter
the other choice box. This was repeated until the fish successfully entered the available
choice box, after which the T-maze was opened up agam and the procedure was re-run.

39
The session was complete either when the fish had gone to each side twice or there were
five om1ss1ons. This phase of the procedure served to acclimate the fish to being gated
w1thm the choice box and bring 1t closer to performmg the final desired task. The reason
behmd blockmg off the chosen arm after a trial and denymg reentry 1s to encourage the
fish to enter both arms and receive a reward, hopefully negating any preex1stmg side
biases, an attempt to assure the fish associate the reward with the color, and not a
particular side.

Discrimination
The discnmmation phase tested the final targeted behav10r of havmg the zebrafish
swim mto the correct choice box. Each fish was removed from its smgle housing umt and
placed mto the start box for an initial 1 mm acclimation penod. The arms of the apparatus
were fitted with one green sleeve and one purple sleeve. The side placement of the colors
for this and all subsequent trials were randomized. Immediately after the start gate was
removed, the timer was started as the arm gates were lifted, thus markmg the official
begmnmg of the tnal. The zebrafish had 5 mm to make a choice. Upon entenng one of
the choice boxes, the gates were lowered and the fish spent 30 sec m the arm. If the fish
entered the correct choice box, a food reward was administered immediately after the
gates were closed. After the 30 sec, the fish was netted and returned to the start box for
the next trial, beginning with a 1 mm acclimation penod. If the fish did not make a choice
w1thm the 5 mm penod, 1t was considered an omission and the fish was netted and
returned to the start box for the next tnal. Dunng the mter-tnal acchmat10n period, the
expenmenter recorded the result of the tnal. correct, mcorrect, or omission. Additionally
at this time, the colored sleeves were switched by the expenmenter (if md1cated by the
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predetermmed side order) with care taken to do this as fast as possible and mm1ffilze
leanmg or moving the arms over the apparatus, which could startle or stress the fish. If
the next tnal had the same side placement as its predecessor, a sham switch was
conducted m which the experimenter performed the same movements that would be
mvolved m sw1tchmg the sleeves, without actually domg so. This was to control for any
mfluence that the expenmenter's movements or pos1t1on may have on the fish and its
performance. This entire process was repeated until 20 mmutes had elapsed, thus
const1tutmg one session. Each fish completed one sess10n per day, for 20 days

Alcohol Study
In order to mvest1gate the effects of pharmacological agents on the behaviors
tested m this T-maze color discrimination learnmg task, the fish were admimstered
alcohol at three different doses and days. Each fish was exposed to 0.0625% EtOH on
day 10, 0 75% EtOH on day 15, and 1.5% EtOH on the final day of testmg, day 20. The
protocol for the discnmmat1on task remarned exactly the same as on non-alcohol
exposure days. Alcohol is a water soluble compound that can be adffilmstered via bath
solut10n, with the zebrafish absorbmg the alcohol via the skm, gills, and mouth. For this
expenment, each zebrafish was placed m 100ml of the alcohol solut10n m a 250ml beaker
for 15 ffilnutes, after which 1t was immediately transferred to the T-maze apparatus to
begm the sess10n.
Data Recordmg and Analysis

Video
All sessions were recorded with a Log1tech Carl Zeiss 2MP Autofocus Tessar
2.0/3 7 camera and saved with QmckTime as a d1g1tal .mov file.
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Measures of Performance
The performance of the fish was quantified by the followmg behavioral measures.
number of total tnals, number of omiss10ns, number of completed tnals, number of
correct choices, percent of the tnals that were OffilSSIOns (percent omissions), percent of
the total tnals that were completed (percent completed), percent of the completed trials
that were correct (percent correct of completed), and percent of the total tnals that were
correct (percent correct of total trials)

Statisttcal Analysis
The results of this study were analyzed using SPSS (version 20). Repeated
measures ANOVAs were conducted to compare the data for the fish to determme any
s1gmficant changes m performance over time. Additionally, ARIMA (autoregressive
mtegrated movmg average) models were used to analyze the data. The ARIMA method
allowed for the evaluat10n of the data through time senes forecastmg. Specifically, the
three days of the alcohol adffilmstrat10n were evaluated to see 1f they differed
sigmficantly from the forecasted values for those particular days, based on the values of
the non-alcohol days and the trends therem. Any sigmficant deviations from the forecast
at these pomts md1cate the impact of the alcohol. For example, a sigmficant mcrease of
10 at alcohol dose two would mdicate that the value at that day was forecast to have been
10 pomts lower than was observed, with the assumpt10n bemg that the observed mcrease
1s due to the mfluence of the alcohol. The ARIMA method 1s sample s1ze-mdependent, so
the data was able to be evaluated at both the group and mdividual levels.
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CHAPTER III
RESULTS
Complete Data Set ANOV As
Prehmmary analysis of the data was conducted at the group level using repeatedmeasures ANOVAs for all fish (N = 23) for all 20 days of discrimmation sessions (Figure
2) Four fish (Fish 4, 6, 15, and 22) died dunng the course of the study, so the1r
mcomplete data sets were removed from this analysis. lmtial analysis mcluded sex as a
between-subjects factor No sigmficant effects were found, so data was pooled for future
analyses. The alternate between-subjects factor, color group, was however, found to be
sigmficant on several of the measures. This influence of color group was found to
influence those specifically pertainmg to correct answers, including number correct, F(l,
21) =9.534, p

= 006, percent correct of completed tnals, F(l, 21) = 28.833, p

< .001 ,

and percent correct of total tnals, F(l, 21) = 19.623, p < .001 In each case, the fish m
the purple group scored higher than the green group. The roam effect of day, as well as
the mteract10n of day x color was non-significant for each measure, whether by number
or percent.
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Figure 2 Companson of the average performance by day for each of the measures. All
fi sh with complete data sets were mcluded (N = 23) m the calculat10n of the means. The
three days of alcohol admm1strat10n are marked by the stnped bars (day 10, 0.0625%,
day 15, 0.75%, day 20, 1.5%) Bars represent 95% Cl.
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Baseline Days ANOVAs
Because there were no major sigmficant findmgs from the statistical analysis of
the full scale experiment, subsequent exploratory analysis was conducted to investigate
any potential meaningful results within subsets of the data. Each of the van ables was
again tested usmg repeated-measures ANOVAs, this time only for the first 9 days of the
discrimmation sessions, to evaluate the baseline performance of the fish pnor to any
alcohol admmistration (Figure 3).
The only measure found to be near significance was the mteraction of day x color
for percent correct of completed with the Huynh-Feldt correction, F(6.024, 150.599) =
2.143, p = .051 When the analysis for this vanable was run with color as a covariate,
color was sigmficantl y related to percent correct of completed, F( 1, 25) = 19 147, p <
.001 After controlling for the effect of color, there was found to be a sigmficant effect of
day on percent correct of completed usmg the Huynh-Feldt correct10n, F(6.024, 150.599)

= 3.034, p = .008

Due to the hillltations imparted by the v10lation of sphencity, a

Bonferroni correction was applied to the pairwise compansons, which yielded no
sigmficant results. The Huynh-Feldt correction is quite liberal, which may account for
this Type I error Although there were no sigmficant effects of day for any other
vanables, once again, many of them were found to be sigmficantly different between the
two color groups. For both number and percent of offilssions, the green group was found
to Offill more frequently than the purple group (p < 05) Addit10nally, along the measures
of number correct, percent correct of completed, and percent correct of total, fish m the
purple group made correct choices more often than those m the green group (p ~ 001)
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Figure 3 Companson of the average performance by day for each of the measures dunng
the first nme days of the discnmmat10n task. All fish with complete data sets were
mcluded (N = 23) m the calculation of the means. Bars represent 95% CI.
Select10n of the Performers Group
The recurrence of the result that the color groups were performing differently led
to a general inspection of the performance of the fi sh at the level of the individual.
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Ind1v1duals were found to vary greatly on each performance measure, with some fish
noticeably performing poorly The protocol for this study was altered from prev10us uses
of this task to be partly investigatory m nature by allowing the fish to perform as many
tnals as possible within the 20 minute session. Resultantly, no specific a priori cntena
were set to define successful acqms1t10n of the learned association. Upon inspection of
the data, 1t was clear that some fish simply did not perform at a level that would mdicate
successful learning and that the data from these fi sh may be interfenng with the detect10n
of any meaningful effects of the study, particularly the effects of the alcohol
admm1stration. The reasoning behind this bemg that the admm1strat1on of alcohol was to
investigate 1f and how it altered the behavior of fish once they had learned this color
d1scnmmation task, if the fish did not establish a solid high level of baseline
performance, the effect of alcohol would be meaningless within the context of this study
As such, ad hoc cnteria were set to select the group of fish that performed sufficiently
well in the baseline penod of the expenment to warrant further investigation of their
performance under subsequent alcohol dose sessions. The first step was to eliminate fish
that did not participate in most of the trials This was determmed by the cntena that the
fish must have completed the maJonty of the tnals (> 50%) for the maJonty of the
baseline days (~ 5 days) Sixteen fish met these cntena and 11 did not, with the latter
being classified as the omttters group. The next cntenon was set to select the fish that
learned the associat10n, as indicated by successful performance above chance (50%) in
the discnmmat10n task. Two different specific cntena were set to select this group, both
yieldmg the same fish. One cntenon was set as above chance percent correct of
completed (>50%) for the maJonty of days(~ 5 days) Takmg into account the fact that
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fish may perform poorly m the begmnmg sessions before fully acquiring the association,
the second critenon was an above chance (>50%) percent correct of completed for at
least 3 of the last 5 days of baseline (days 5-9) The same eight fish met both of these
cntena and were classified as the performers group (Figure 4) It is of note that the fish m
the omitters group did not satisfy the reqmrements of the cntena to classify fish that
performed above chance, with the exception of one fish that only met one of the two.
This finding strengthens our confidence m the appropnateness of the selection of the
performers group.
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Figure 4 Performance of the fish classified as the performers group on baselme days 1-9,
as measured by percent correct of completed tnals

Differences Between Color Groups
A strikmg charactenstic of the performers group was readily evident: they were
all from the purple group Nine of the 11 fish m the omitters group were from the green
group, meanmg only five of the total 14 green fi sh met the mitial petformance cntenon.
This comcides dlfectly with the previous findmgs from the ANOV As with frequent
sigmficant between-subJects differences based on color group.
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Performers Group ANOVAs

Repeated-measures ANOVAs were conducted on the performers group (N = 7)
One of the fish m this group (Fish 15) died pnor to the end of the study, so it was not
mcluded m the ANOV A due to an mcomplete data set. The ANOVA results for each of
the measured vanables were non-sigmficant.
ARIMA Analysis of Performers Group
The analysis of the effects of alcohol on the performers group data was
supplemented with the use of ARIMAs. The group averages for each of the measures
were analyzed first. The percent correct of completed was found to differ sigmficantly
from the other days upon the admmistrat10n of the third and highest alcohol dose ( 1.5%
EtOH, day 20), t = -2.176, p < .05 (Figure 5) The average percent correct of completed
was 21.664 percentage pomts lower, suggestmg that the 1.5% dose of alcohol had a
deletenous effect on the performance of the fish as a group.
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Figure 5 The average percent correct of completed tnals for the performers group The
three days of alcohol admmistrat10n are marked by the large circular data points (day 10,
0.0625% , day 15, 0.75%, day 20, 1.5%). The graph depicts the sigmficant decrease m
average percent correct of completed tnals upon the 1.5% alcohol dose admmistration
(day 20), as determmed by ARIMA analysis.
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Addit10nally, a nearly significant effect of the second (0.75% EtOH, day 15)
alcohol dose was found for the measures of percent om1ss10ns, t = -2.035, p = .06, and
percent completed, t =2.035, p

=.06, representmg the same effect, JUSt from the two

different sides of the com (Figure 6) The group average on percent omiss10ns was found
to decrease by 10.222 percentage pomts, with the percent completed n smg by that
amount.
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Figure 6. The average percent om1ssions and percent completed tnals for the performers
group. The three days of alcohol adm1nistrat10n are marked by the large c1rculuar data
pomts (day 10, 0 0625% , day 15, 0.75%, day 20, 1.5%) The graphs depict the near
significant decrease m average percent omiss10ns and correspondmg mcrease m percent
completed tnals upon the O 75 % alcohol dose admmistration (day 15), as determmed by
ARIMA analysis.

The mdividuals from the performers group were then analyzed along these
vanables to further charactenze the effects of the alcohol doses. The one performer, Fish
15, did not have exposure to the two higher alcohol doses, so 1t was analyzed only at the
first dose. Upon testmg each fish with the ARIMA for percent correct of completed, one
significant difference was found, t = -3 302, p

= .005

The percent correct of completed

score for Fish 7 was decreased by 79 199 percentage pomts at the th1rd (l.5%EtOH)
alcohol dose (Figure 7) While not meetmg the requlfements of stat1st1cal s1gmficance,
the scores on this measure at this dose were also noticeably decreased for Fish 19 by
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67.647 percentage points, t = -l.590, p

= 131, and Fish 27 by 41 169 percentage pomts, t

= -1.552, p = 140 (Figure 7). The marked drop m percent correct of completed for these

three fish was clearly the dnving force behmd the significant decrease at this 1.5%
alcohol dose for the group average. However, the data from the other four fish, the
technical maJonty of the group, did not show this decreased performance at this dose/day,
with some even expenencmg non-significant increases m performance. Upon inspection
of the performance of these three fish (Fish 7, 19, and 27) across the whole expenment
(Figure 7), aspects of their performance in the period JUSt pnor to the 1.5% alcohol day
seem to suggest that the alcohol exposure may not have had a causal relat10nship with the
drop in percent correct of completed. Fish 7, while makmg 0% of choices correctly on
the day of high alcohol administration, had previously dropped to this low level on the
day pnor, suggestmg that some factor unrelated to this alcohol administration was at
play Fish 19 showed a sirrular result, droppmg to, and staying at, 0% correct two days
before the third alcohol admmistration. The 1.5% alcohol dose may have caused the
detnment to performance of Fish 27, as 1t went from 100% correct of completed on day
19 to 40% on day 20 with the alcohol, however, this fi sh exhibited an even more severe
drop, from 100% to 0 %, on days 17 to 18, without any alcohol mtervention on either of
those days. From this, 1t cannot confidently be stated that the 1.5% alcohol dose caused
the drop m percent correct, as the change on this day may have JUSt represented the
normal fluctuation of performance for this particular fish.
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Figure 7 The performance of Fish 7, 19, and 27 as measured by percent correct of
completed tnals. The three days of alcohol adrrumstrat1on are marked by the large
circular data points (day 10, 0.0625%, day 15, 0.75%, day 20, 1.5%).

Inspection of the individuals along the percent omissions vanable was conducted
to further investigate the significant drop at alcohol dose two (0.75 %, day 15) seen for the
group average. The ARIMA yielded a sigmficant change at this pomt for only one
individual (Figure 8) Fish 27 showed a s1gmficant decrease m percent omiss10ns by
34.878 percentage points, t = -2.86 1, p

= .012.
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Figure 8. The performance of Fish 27 as measured by percent omissions. The three days
of alcohol adrrumstration are marked by the large circular data pomts (day 10, 0.0625 %,
day 15, 0.75 %, day 20, 1.5%)
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Three of the other fish exhibited decreases m Olllissions at this dose ranging from
2.451 to 16.608 percentage pomts, although these were non-sigmficant. This trend by the
maJority (4 of 7) of the fish suggests that the 0.75 % alcohol dose may have had an effect
of lowenng the number of omiss10ns (and therefore, mcreasmg the number of completed
tnals) , however, of the remaming fish, one (Fish 25) showed a non-sigmficant mcrease in
olllissions by 19.062 percentage pomts, t = -1.405, p = 179, and the other two fish (Fish
1 and 17) remamed constant with no (0%) olllissions. In addition to the sigmficant
decrease for Fish 27 at the O75 % alcohol dose, there was also a sigmficant decrease of
43.499 percentage pomts at the 1.5% alcohol dose, t =-2.677, p

= .017

Although a

notable change, this effect was not represented m the analysis of the group averages,
likely due to the counteractmg effect of the result at this dose for Fish 7 This fish
exhibited a near exact opposite response, with a sigmficant mcrease of ollliss10ns by
47 385 percentage pomts, t = 3.588, p

= 003, at the 1.5% alcohol dose. Fish 23 also had

an mcreased percentage of om1ss10ns at this dose, with a 14.549 percentage pomt
mcrease, representmg a near-sigmficant effect, t = l 999, p

=.063

Taken together, these

results from the ARIMA analysis of the mdividual fish reiterate the wide spread of
md1vidual differences shown m the mitial mspectlon of performance of all 27 subJects.
Side Bias
Each fish was analyzed for evidence of a side bias to their choices throughout the
expenment. The correct side was evenly spht between the left and nght sides, so no side
bias should be expected in the choice behavior of the fish. A Chi-square test was used to
analyze the data and determme if there were sigmficant deviat10ns from the equal number
of left and nght choices, with the sigmficance level set at a= 10 (Andrade, Alwarshetty,
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Sudha, & Chandra, 2001) Fourteen of the 27 subJects proved to have a side bias, with 8
prefernng the nght and 6 prefernng the left. Withrn the performers group, 5 of the 8 fish
exhibited a bias, with 3 prefernng the nght and 2 the left.
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CHAPTER IV
DISCUSSION
The results of this study suggest that as a group, these zebrafish were unable to
successfully perform m this version of the color discrimmat10n T-maze learnmg task,
largely due to the mfluence of select extraneous variables. Eight of the 27 fish tested,
approximately 30%, were classified m the performers group that met the requirements of
a sufficient level of performance m the nme baselme days of the discriminat10n task. Thi s
mitially suggests that some fish were capable of learnmg the association between the
color stimulus and the food reward, while the maJority of them were unable. However, 1t
should be noted that the criteria set to classify the performers group was rather lement,
essentially only selectmg the fish that part1c1pated m the maJority of the trials and that
chose to go to the correct side more times than would be expected by chance alone. This
may not be enough to confidently say that those eight fish all successfully learned the
association. The criterion for successful learnmg of the task was higher for some other
siffillar learnmg tasks. For example, m Bilotta et al.'s (2005) and Risner, Lemerise,
Vukmamc, and Moore's (2006) discrimmat10n tasks, fish were required to perform at
80% correct or above for two consecutive days to be considered to have learned the
association. By this standard, only four of the performers would have qualified, even
when selectmg from the most generous measure, percent correct of completed. A rodent
discriffilnat10n study also used a s1ffillar measure of learnmg, requmng two consecutive
days at above 70% correct (Benmger, Jhamandas, Boegman, & El-Defrawy, 1986) Even
with this slightly more conservative criterion, still only five of the performers would have
qualified.
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The analyses of the data at the group level yielded no meaningful sigmficant
results. Imtially, this presents as surprisrng, given that sigmficant effects and trends are
often reported from group-level analysis for zebrafish behavioral studies, rncluding the
ongrnal Colwill et al. (2005) study and other visual discnminat1on tasks (Arthur & Levrn,
2001, Bilotta et al., 2005, Mueller & Neuhauss, 2012, Risner et al., 2006) However, the
nature of this particular data set makes the lack of group-level findrngs understandable,
given that there 1s such variability rn the performance of the rnd1vidual fish . This result of
rndiv1dual differences amongst the fishes ' performances rn a learnrng task corroborates
the findrngs from another recent study rn our laboratory, rn which fish were classified

post hoc, as either poor, moderate, or high performers (Jouandot, 2013) This study was
based on the BIiotta et al. (2005) study, rn which vanatlon was also seen between fish,
specifically rn regards to the number of tnals 1t took the fish to reach the learning
cntenon. Add1t1onally, a high degree of vanabihty was seen rn the group learnrng curves
of fish tested rn spatial and non-spatial learmng tasks (Arthur & Levrn, 200 l, Williams,
White, & Messer, 2002) While the field of zebrafish behav10ral research 1s heavily based
upon the framework laid down by classic rodent studies, as more research has been
conducted on this newer model species, we have been able to discover differences that
suggest that the use of identical paradigms created for rodents may not always be
appropnate. Rodents used rn laboratory behav10ral studies are generally consistent rn
performrng like fellow conspecifics, however, lt seems that zebrafish do not share this
quality rn all behav10ral tests. The vanat10n rn performance found rn our laboratory
comes from the present T-maze d1scnmmat10n task and a novel 3-chambered ch01ce
d1scnmrnat1on task (Jouandot, 2013). Both of these tasks are meant to test complex
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instrumental choice discrmunat10n learnmg, with the fish required to discnminate
between stlmuh and enter a specific area of the apparatus to make a choice. It is possible
that these tasks are more cogniuvely demandmg than other tasks and that only a small
portion of the zebrafish populat10n possess the resources necessary to succeed, resulting
in performance data that shows more vanation than m other tasks studymg less complex
forms of learmng. Alternatlvely, the variability may appear as a result of other
confoundmg factors mfluencmg the fish differenually
The most meanmgful difference among the fish was whether or not they
successfully performed above chance on the baselme task and were categonzed withm
the performers group. Of the fish that did not qualify for the performers group, there
were fish that performed poorly due to an abundance of offilssions, the omitters group,
and those that participated m the tnals, but simply did not make enough correct choices.
Even among the performers group there were notable differences, with some consistently
performmg well and others vacdlatmg between above and below chance performance.
One umque component to this study was the sess10n length bemg set by tlme and not
number of tnals, meamng that the fish could differ on the number of tnals they had per
day and over the course of the study as a whole. The fish showed vanabihty on this
measure as well, with the total number of tnals per sess10n rangmg from a ffilmmum of
three (m mstances of three omissions) to a maximum of ten. Because the omission tnals
were five ffilnutes long, the occurrence of an omission detracted from the remammg
available time m the session for other tnals, as such, the total number of tnals was
heavily mfluenced by the number of OffilSS10ns. Omiss10ns were found to be nearly
ubiqultous m this expenment, with only three of the 27 fish never havmg an omission
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tnal. No mention of 0ITI1ss1ons was made m the onginal Colwill et al. (2005) study The
act of offilttmg tnals seems to have a connection to lack of success m our task, as
md1cated by the fact that none of the fish from the omitters group met the performers
group cntena regardmg high scores for correct choices dunng the m1tial nme day
acqms1tion penod. An 0ITI1ss10n md1cated that the fish was not partic1patmg m the
d1scnITI1nat10n task for that trial, which seems to be related to a behavior that was
frequently observed dunng the pilot study As reported, fish m the pilot study would
often not exit the start box once the gate was lifted, m some cases even when a ruler was
mserted to physically gmde them out. It was deterffilned that this physical stimulus might
introduce confoundmg stress mto the experiment, so the protocol was amended to start
the tnal upon the removal of the start gate, mstead of wa1tmg for the fish to leave the
start box and replacmg the gate. It seems now that this behav10r md1cative of choosmg
not to part1c1pate m the tnal was mamfest mstead as 0ITI1ss10ns in the actual study The
question then, 1s to explam why the fish were so frequently not part1c1patmg.
The factor that seems most likely to have been the cause of this lack of
part1c1pation 1s stress. Stress 1s a phenomenon that has been studied fairly extensively m
zebrafish and this species has been found to be qmte susceptible to stress (Barcellos et al.,
2007, Blaser & Penalosa, 2011, Cachat et al., 201 1, Champagne, Hoefnagels, de K.loet, &
Richardson, 2010; Egan et al., 2009; Gaikwad et al., 2011 , Gh1slem et al , 2012,
Grossman et al. , 2011, Luca & Gerla1, 2012, Max1mmo et al., 2010; Piato et al., 2011 ,
Ramsay et al. , 2009; Steenbergen, R.Jchardson, & Champagne, 2011, Stewart et al.,
2012) This 1s not surpnsing given what we know about thelf natural history; as a prey
species, 1t would have been evolut10nanly advantageous to develop a behavioral and
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phys10log1cal response to threats that may be md1cative of thelf natural aenal and aquatic
predators. Add1t10nally, as a social shoalmg species, the zebrafish 1s afforded safety and
benefits from being m a group, so stress responses to 1solat1on would also be adaptive m
ehcitmg behav10rs to reJom the group. This natural propensity for stress that was adaptive
to this species in a natural environment also mamfests m laboratory studies m which
stress 1s elicited by artificial stressors associated with the methods of husbandry and
expenmentat1on. While this makes zebrafish an excellent animal model for studymg
stress and anxiety, it represents a legitimate source of potentially s1gmficant confounds to
other behav10ral studies.
The zebrafish stress response system is very similar to that of terrestnal
vertebrates, with their HPI (hypothalaffilc-p1tmtary-mterrenal) axis bemg the stress
system analogous to the HPA (hypothalaffilc-p1tu1tary-adrenal) axis (Champagne et al. ,

2010) Additionally, the neurotransffiltters and correspondmg receptors active m the
neurological processmg of stress have been conserved across species, and the mam
phys10log1cal marker of stress, cortisol, is the same glucocort1co1d used m the human
stress response. Stress evokes a simple robust anxiety-like phenotype in zebrafish, with
charactenstic behavioral changes (Egan et al. , 2009; Kalueff et al. , 2013) One of the
pnmary behavioral responses associated with stress is geotax1s, or tank diving, with fish
spendmg more time sw1ffiffilng m the lower port10n of the water column more often than
normal. Additionally, stressed fish often exhibit the freezrng behav10r, m which they
remarn immobile other than eye and operculum movements. Charactenst1cs of movement
patterns have also been shown to be affected by stress, with stressed fish sometimes
d1splaymg erratic movements, such as dartmg and makmg sharp-angled turns.
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A number of factors are known to elicit anxiety in zebrafish, many of which
associated with necessary facets of behavioral expenments, such as isolat10n, novelty,
and the presence of the experimenter Extensive efforts were made in the development
and execut10n of the present experiment to miniffilze these factors. Fish were moved to
their solitary housing tanks at least one week pnor to the start of the expenment to give
them time to acclimate. Also, each of the tanks was in close enough proxiffilty to the
adJacent tank to allow fish to view one another, with olfactory cornrnumcat10n with
conspecifics available through water flow amongst the tanks. In order to eliminate
novelty stress due to the novel environment (the T-maze apparatus) and procedural
novelty stress associated with the new behav10ral requirementsJ f the task, fish were
provided with the four pre-discriffilnation phases (habituation, shaping, reward, and pretraining) so that novelty and novelty stress would no longer be a factor by the time of the
actual discnmination task. Additionally, as noted in the methods, the walls of the
apparatus were lined to make them opaque and the experimenter minimized time spent
over the T-maze apparatus, so the fish would have minimal exposure to the potentially
threatening stimulus of the expenmenter
One procedure involved in behavioral research with zebrafish that is known to
cause stress that was not removed from this study was net handling. In order to transfer
the fish from one location to another, they were scooped up rn a small nylon net and
bnefly exposed to the air before being placed back in the water at the new locat10n. This
netting transfer occurred when moving the fish from their individual housing tank to the
apparatus and back, before and after each sess10n, as well as when moving them from the
choice box or stem back to the start box for each new tnal. Empirical evidence of the
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effects of handlmg on zebrafish stress levels was provided m a study by Ramsay et al.
(2009) In this study, zebrafish cortisol levels were measured at vanous time pomts post

net handling. Net handlmg elicited a robust stress effect as md1cated by significantly
elevated cortisol levels, with a peak value representmg a 6-fold mcrease from control
levels. In addition to the stress caused by bemg m the net, it is presumable that the
process mvolved m actually catching the fish m the net also served as a stress-inducmg
condition. The fish m our study were often evasive of the net and it sometimes took
several seconds spent chasmg the fish with the net before 1t was caught, particularly
given that the experimenter mmiffilzed leanmg over the apparatus, which had the effect of
mcreasmg the difficulty of seemg and nettmg the fish from the choice box. The fact that
net chasmg has been used as pumshment with zebrafish for mcorrect choices m a
discnmmation learnmg task (Arthur & Levm, 2001) suggests that this 1s, in fact, an
aversive stimulus. It seems that m the mcidences m which the fish had to be chased
before bemg netted, the stress of being netted was likely compounded by the stress of
bemg chased.
It was not anticipated that handlmg stress would be a s1gmficant confound
because the original Colw1ll et al. (2005) study on which this one was based, also
mvolved nettmg the fish between tnals. Despite bemg netted regularly, the fish in that
study were successful at all aspects of the task and no mention was made about any
mterference of stress. There was also no ment10n of any offilss10ns by the fish. The
relevant difference between the Colwill study and this one is that our study allowed for
many more tnals during a sess10n, meanmg more mstances of nettmg than the hffilted
four tnals per session seen m the ongmal study This mcreased frequency of net handlmg
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may have caused the stress level of the fish to reach a threshold at which it mterfered
with the normal behav10r of the fish, particularly if the fish had not recovered from the
stress of one handlmg before bemg netted agam. Support for this comes from the study
on net handlmg stress that showed that cortisol levels mcreased from 3 to 15 mmutes post
handlmg and did not return to baselme levels until one hour had elapsed (Ramsay et al. ,
2009) While it is possible that there may have been an accumulated effect of the stress
over repeat exposure, 1t must be noted that prev10us research has found that zebrafish can
habituate to stressful situations over time (Wong et al., 2010). Even though zebrafish are
able to habituate to stress, 1t 1s possible that the level and frequency of stressors
madvertently presented m this study was simply beyond that that could be overcome by
habituation.
As previously noted, zebrafish tend to exhibit stereotypical behav10ral responses
to stress. With the focus of this study bemg learnmg and memory m the d1scnmmat10n
task, we only recorded behav10rs related to the choices made by the fish and did not
measure specific behav10rs seen m the stem of the T-maze. Because there 1s no data
specifically pertaming to the presence or absence of the charactenstic anxiety behav10rs,
we cannot state with certainty whether or not the zebrafish m our study were stressed and
1f 1t was truly a factor that contributed to the unusually poor performance exhibited by
our fi sh. However, given the characteristics of our protocol and what we know about the
stress-mducmg nature of net handhng, 1t 1s reasonable to posit that stress played a role m
the poor performance of the fish m this expenment. As a general statement on the
observed behaviors of the zebrafish dunng the tnals, some fish did penod1cally engage m
behav10rs that would seemmgly be classified as dartmg behav10rs, one of the
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charactenstic stress response behaviors, although without specific data, we are unable to
make any conclus10ns regardmg how frequent or common this behav10r was, or if there
are any connections between this behav10r and the success of the fish. In other reference
to the overall behav10r of the fish, we observed httle to no freezmg and the fish mostly
seemed to swim normally throughout the apparatus, JUSt pacing up and down the stem of
the T, not entenng the arms to make a ch01ce. The not10n that stress may have played a
role even m the absence of observed stress behav10rs is supported by the findmgs from
one study that found uncharactenstic behav10ral responses followmg acute net stress
(Champagne et al., 2010).
Although the fish generally did not seem to exhibit traditional behav10rs
mdicative of being stressed, it is possible that stress still played an mdirect role m altenng
the behavior of the fish dunng this expenment. the fish may have been actmg m a way
that would mmim1ze the occurrence of the stressor Effectively, it is possible that the fish
did learn to make an associat10n m this task, but that mstead of the association between
the color and the food reward, they mstead made the association between entenng an arm
and the subsequent occurrence of the stress-mducmg condition of bemg netted. So by
swiffiffilng exclusively m the stem of the maze and not participatmg m the discnm1nat10n
task, the fish were avoidrng the stressful condit10n. Because each omiss10n tnal was five
m1nutes long, the fish that omitted tnals had fewer overall tnals than fish that
participated, which m turn means that they were netted fewer times, as each new tnal
required the fish to be netted and returned to the start box. Support for this explanation
comes from the literature regardmg the efficacy of negative stimuh being used to tram a
learned behavior One such example is a study conducted usrng a 3-chambered tank to
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study spatial learnmg m zebrafish (Eddms et al., 2009) In this study, 1f a fish was
mcorrect and entered the wrong chamber, the chamber wall slid to confine the fish to a
small area. Another study used a similar 3-chambered tank to study escape responses and
avoidance discnmmation learnmg rn zebrafish (Arthur & Levrn, 2001) In the presence of
an unpleasant movmg net stimulus in the central chamber, fish more quickly learned to
escape to a side chamber than without the negative stimulus. Additionally, when bemg
chased by the movmg net was used as pumshment for entenng the mcorrect side of the
chamber, fish successfully learned to d1scrimmate between the chambers on both spatial
and color cues. Given this information, we propose that the prevalence of omiss10ns in
this study may be a result of the stress elicited by net handling.
In addit10n to 1mpamng performance by mcreasmg omissions, stress may have

also contributed to the poor performance of the fish as measured by correct choices.
Another study of learnmg and memory m zebrafish found stress to be detnmental to both
spatial and cued memory (Gaikwad et al., 2011) The results of one of the expenments
within this study relate notably to our study, as it assessed the effects of an experimental
mampulatlon (acute stress via alarm pheromone or predator exposure) on memory of a
learned associat10n between a visual cue and food reward m the plus maze, an apparatus
similar to the T-maze. Stress was found to impair memory by causrng a reduced number
of entnes mto the correct arm, as compared to performance before the stress While
acknowledging the prev10usly stated limitations of our study on being able to
conclusively state that the fish were stressed, given what 1s known about the prominent
detnmental effect of stress on learning and memory, coupled with the frequency of the
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known stressor, net handling, we suggest that stress hkely caused a decrease in correct
choices made by the test subJects.
Although stress was likely a big factor on the lack of s1gmficant success on this
task, other extraneous vanables seemmgly also affected the results. One such factor 1s
mnate color bias. Zebrafish have been shown to possess the mechamsms required for
color v1s10n, as md1cated by spectral sens1t1v1ty to wavelengths of hght rangmg from 340
to 640 nm (Risner et al., 2006) In addition to bemg able to detect different colors, they
have been shown to exhibit color preferences (A vdesh et al., 2012) The fact that m our
study, none of the fish that were assigned green as thelf target color met the cnteria of the
performers group suggests that color preferences influenced the performance of the fish.

It 1s possible that the fish all had a preference for the color purple and would swim mto
that chamber regardless of whether or not they received a food reward for domg so. This
would mamfest m the results as the green group makmg frequent incorrect answers, while
the purple group would make mostly correct choices, thus creatmg an artificial effect
with the appearance that the green group did not learn the associat10n and the purple
group did. Interestmgly, this scenano comc1des directly with the results of the present
study The conclus10n that color bias influenced the results of this study 1s supported by
results w1thm the ongmal Colw1Il et al. (2005) study In their expenment, fish had an
m1tial preference for gomg to purple, there was an overall mcrease m the choice of purple
dunng the extmct10n phase, and fish assigned purple as thelf correct color learned more
quickly than those assigned green. Despite this evidence of an uncond1t10ned preference
for purple, the fish m the ongmal study were shown to overcome this apparent bias and
learn to respond correctly by choosmg the color that led to a food reward. This was
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evidently not the case m our study; although this cannot readily be explamed, other than
assuming that other factors contributed to the1r failure. Another study of zebrafish color
d1scnmmat10n found that when presented with six different colors and only the choice of
blue bemg rewarded, the bluish purple stimulus was chosen second most frequently to
blue (Mueller & Neuhauss, 2012) Additionally, this color, along with a second less blue
hue of purple were chosen by the fish more frequently than green. The authors from the
onginal study (Colwill et al., 2005) reference that other studies have found uncond1t10ned
biases for short wavelengths as explanation for the purple preference shown by the fish,
however, this contradicts the findmgs m the subsequent zebrafish color preference study
by Avdesh et al. (2012), m which blue (a short wavelength color) was found to be least
preferred amongst blue, yellow, red, and green. Purple was not tested m this color
preference study, so we cannot make any defimt1ve statements about 1ts relative
preference. BI1otta et al. (2005) addressed the purple preference exhibited m the Colw1ll
study and suggested an alternative explanation for this visual stimulus preference
phenomenon. They proposed that the zebrafish may have been respondmg preferentially
to the bnghtness (or lack thereof) of the purple sleeve, rather than the color (wavelength)
Zebrafish are known to prefer a dark environment and Bilotta's group suggested that the
purple sleeve may have had a lower 1llummance or bnghtness than the green one, makmg
1t appear darker, and therefore more desirable, to the fish. While this cannot be
conclusively accepted as the explanation because the sleeves were not measured for
1llummance or bnghtness (neither m the Colw1ll nor present studies), 1t 1s supported by
the results of the Bilotta et al. (2005) study showmg no preferences across the different
wavelengths of hght tested.
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Another bias that was found to exist m the zebrafish used m this study was that of
side bias. Approximately half (14 of the 27) of the test subjects proved to have a side
bias, with eight preferring the nght and six prefernng the left. The side of the T lined
with the correct color was randomized across the expenment, with the left and nght sides
bemg correct a nearly equal number of times for each fish. This method was employed
with the intended effect of ehmmatmg spatial factors from the expenment, with the fish
bemg guided to the correct arm only by color The fact that the fish with side biases did
not all prefer the same side warrants the conclusion that 1t was not some aspect of the
experimental environment that was explicitly preferential to the zebrafish. Behavioral
laterality is common m vertebrates, mcludmg zebrafish (Stennett & Strauss, 2010)
Evidence suggests that these behavioral literalities are in some cases driven by underlymg
cerebral literalities (Reddon & Hurd, 2009) It has been suggested that laterality 1s
advantageous, as 1t allows for the processmg of two different st1muh simultaneously In
fish , the presence, duect10n, and strength of laterahty have varied among ind1v1duals,
although this remains difficult to explain (Reddon & Hurd, 2009, Stennett & Strauss,
2010). Although we may not be able to concretely explam why the side biases existed m
our test subjects, we can say that they likely mfluenced the overall results of the study
Like with the aforementioned color bias, 1f fish responded by entenng the arm on theu
preferred side, regardless of the color, the data would reflect an artificial result that fish
with a side bias did not successfully learn the associat10n between the color and the
reward. This may explam why some of the fish did not perform well m this task.
Based on the rnformat10n from this study and the literature presented, there seems
to be a high likelihood that net handlmg stress, color bias, and side bias acted as sources
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of mterference m the successful performance of the zebrafish m this T-maze color
discnminatlon learnmg task. It is important to note, however, that not all fish exhibited
biases and that some fish performed well while others did not. This suggests that the
ind1v1dual fish had differential susceptibility to these mfluences. For example, all of the
fish were exposed to the same net handlmg dunng transfers from the housing tanks to the
T-maze apparatus and dunng transfer back to the start box for each tnal, yet the fish
responded differently to this stressor As was noted, some fish omitted frequently,
potentially to mmimize future iterations of the netting procedure, while others readily
performed the task and made frequent choices, leading to mcreased frequency of nettmg.
This suggests that for the omitters, the net stress was sufficient to elicit a behavioral
change, while the other fish were not so deterred. Addit10nally, of the non-omitters, some
fish successfully performed above chance m their selection of the correct color, while
others performed poorly and made mostly mcorrect choices. Given what is known about
the mfluence of stress on learnmg and memory, 1t seems that some of these fish were
impacted by the detnmental cogmtive effects of stress, while others were not, agam
alludmg to the individual differences among the fish in relation to the degree to which
stress affects them. It seems that there are two ways m which these differential effects of
stress may have taken place either the fish differed m the degree to which they were
stressed by the handlmg, or they differed rn the degree of stress that was sufficient to
elicit behav10ral changes. Accordmg to the first scenano, for example, one fish would be
more stressed by the same stimulus than would another fish. In the second possible
explanation, two fish would be stressed equally by the netting, but one fish would have a
higher tolerance level for stress and would behave normally, whereas the other would not
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tolerate the stress as well, which would be shown via impairments to its choice behaviors.
Smee cortisol, the phys10logical marker of stress, was not measured m this study, we
have no data to concretely support either these claims or distmguish between them. It is
worth notmg, however, that the data from the study of cortisol levels m response to net
stress show a noticeable degree of variability among mdividuals in response to the same
stressor (Ramsay et al., 2009) The factor of side bias was also shown to differ between
fish m our study, with the group spht m half on whether or not they exhibited a bias.
Even withm the group with a side bias, they were split as to the side that they preferred.
Like was suggested for the mfluence of stress, this side bias may have affected the
behav10r of the fish to different degrees. The presence of a side bias cannot exclusively
be marked as the reason for failure m this task, as five of the eight fish m the performers
group were those that exhibited a side bias. This suggests that some of the fish with a side
bias were able to overcome that preference m order to respond accordmg to the color cue,
rather than always going to their preferred side. The prevalence and influence of
individual differences among the fi sh seems not only to have affected the performance of
the fish dunng the baselme days, but also the alcohol exposure days.

If we accept that stress and bias differentially affect the zebrafish, 1t seems
reasonable to conclude that the mfluence of alcohol would also vary from fish to fish.
This may explam why alcohol was shown to have no sigmficant effect on the group, even
on the performers As was suggested with stress, the fish may have differed m their
reaction to this factor, resultmg m no consistent group-level trends at the data pomts for
the alcohol admm1strat10n days. These different responses to the alcohol doses were
reflected m the ARIMA analysis of mdiv1dual fish, in which some fish would exhibit
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improved performance, while others' scores would decrease at that same data point,
despite both being given the same dose of alcohol. A previous study investigating the
effects of alcohol on zebrafish behavior did note that there was increased vanability in
the behavior of the1r fish at their higher (1 % EtOH) dose (Gerlai, Lee, & Blaser, 2006) In
regards to what is known about these particular doses of alcohol from previous research
in our laboratory, we anticipated that the alcohol may exert an effect on performance via
its role in stress regulation. The first dose given, 0.0625% EtOH was shown to act as an
anxiolytic in zebrafish by significantly decreasing cortisol levels (unpubhshed data) We
have yet to collect behavioral data corresponding to these known alcohol-induced
changes in cortisol, however, the literature has shown other anx10lyt1cs, such as
piracetam and nicotine to aid in learning and memory (Grossman et al., 2011, Levin,
2011). While this anxiolytlc property would seem particularly relevant in improving the
performance of our fish, given the proposed influence of stress on the fish in this study,
we still did not see any significant effects of this dose. In addition to the other
confounding factors discussed in associat10n with this study, it is possible that the stress
of the net handling was simply too great to be overcome by the alcohol, suggesting its
insufficient strength as an anx10lyt1c in this scenano. Other research from our laboratory
on the absorpt10n of alcohol by zebrafish showed that the other two doses, 0.75% and
1.5% correspond to significant levels of intoxication as measured by blood alcohol
content. These doses (which did not have anx10lytic effects) caused intoxication and may
have altered the behav10r of the zebrafish in ways that went undetected by our direct
measures of performance. We did not measure other general behav10rs of the fish, nor
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mobility, so it is possible that the alcohol did affect the fish in ways that indirectly
affected their performance, however, we cannot state this with any certamty
It is also possible that the alcohol did not exhibit any clear effects on the
performance of the zebrafish due to the nature of their mdividual performance trends. Not
only was there vanat10n between the fi sh, but also withm each fish over time. There were
often notable changes in the amount of correct answers from one day to the next, in the
absence of any intentional or known vanables that would change their choice behaviors.
Without a steady and predictable level of performance, any potential effects of the
alcohol could not clearly be elucidated. As discussed, the ARIMA models for some
individual fish indicated sigmficant deviations from the expected values on the days of
alcohol admmistration. This may suggest that the alcohol had a sigmficant effect and was
responsible for altering their behavior; however, because of the fluctuations of the fish's
performance even m the absence of the drug, we cannot confidently conclude that alcohol
was the reason for the change. The sigmficant result may merely have appeared as an
artifact of the natural fluctuat10ns, and may not be truly meanmgful in the context of our
study Previously discussed concerns about our learning cntena bemg too lement agam
become relevant, as we acknowledge the vanable performance of the performers as a
source of concern in the alcohol portion of our study Our goal was to assess the effects
of alcohol on the performance of fish that had already successfully learned the given task.
By not specifying a reqmsite level of stability m the performance of our fish pnor to
assessing the effects of alcohol, we may have wrongfully evaluated fish that did not
fulfill the role that was of mterest m this study The lack of stable, high-level
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performance for fish m this task mdicates a hmitat10n m this task that precludes our
ab1hty to test the effects of alcohol that would yield vahd and meanmgful results.
Future Direct10ns
Regardless of whether the vanat10n m mdividual performance comes from the
differences m the ab1ht1es of the fish or the differences m their responses to external
factors, 1t 1s clear that mdividual differences contributed significantly to the results of our
study It is reasonable to conclude that mdividual zebrafish may perform differently m a
host of other behavioral paradigms and studies, but the exclusive analysis of the data at
the level of the group eliminated its detection. It is important that researchers are aware of
the presence of mdividual differences in zebrafish, particularly given that many base their
knowledge and experiments on the findmgs from rodent studies, which seem to lack the
level of vanat1on seen between zebrafish. Based on our findmgs, 1t seems prudent to
advise that future studies of learnmg behavior, and potentially other behaviors, consider
the performance of md1v1dual fish m add1t10n to the group as a whole. This may be
particularly useful m studies that find no significant effects at the group level, m which
analysis and categonzat1on of mdiv1dual fish may elucidate significant effects for a
subset of the test subjects This technique may allow for the discovery of effects that may
have otherwise gone undetected and decrease potential Type II errors.
We also suggest that future tests mvolvmg color d1scnmmat10n be designed with
color biases m mind. The research of Avdesh et al. (2012) showed that green and red
were equally preferred by zebrafish, makmg these colors ideal to use for future color
d1scnmmation tasks. By usmg colors known to be of equivalent appeal to the test species,
the potential confound of color bias can be ehmmated from the study For even more
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confidence in the choice of colors used for a task, it would be advisable for researchers to
do preliminary tests of thelf specific zebrafish populat10n to ensure that they exhibit the
same responses to colors as the fish from the pubhshed research. Alternatively,
d1scnrrunat1on tasks may be based on visual st1muh other than color For example, the
onginal Colwill et al. (2005) conducted the T-maze expenment using arm sleeves with
black and white stnpes, either oriented honzontally or vertically Fish were shown to
perform successfully with these stimuli as well.
To address the effects of side bias, the expenment and testing environment should
be set up in such a way that would not provide any inherent causes for preference to one
side over the other The experiment should be designed with a the correct answer side
being randorruzed across tnals, with the left and nght sides being correct an equal
number of times. The orientation of the apparatus should be such that no external visual
stimuli from the room, including equipment, hghting, shadows, and human movement are
significantly different on either side. Addit10nally, pre-screening should be done with the
fish to diagnose any preexisting side biases. AT-maze study done with rodents showed
that side biases were common and that these biases significantly influenced the rats'
performance in the task (Andrade et al., 2001) The side biased rats performed well when
the task required them to respond to thelf preferred side, but thelf performance suffered
when they were trained to go to the opposite side. The authors suggested that due to this
difficulty the subjects had with overcommg the side bias and successfully learning the
desired task, that 1t was best to pre-screen the ind1v1duals for a side bias and ehrrunate
those with a preference from the expenment. By eradicating this confound from the
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study, more confidence can be drawn from the subsequent results, accordingly, we
suggest this pre-screening technique be applied to future T-maze studies with zebrafish.
The results of this study suggest that stress caused by net handling may have been
a maJor factor in our rnab1hty to detect any significant trends rn learning, or clear effects
of alcohol on performance in this learned color d1scnminat1on task. The design of this Tmaze expenment, based on the previous Colwill et al. (2005) study, necessitated the
frequent netting of the fish between tnals and consequently, likely exposed the fish to a
significant amount of stress. As ment10ned, we cannot say absolutely that net stress was a
factor in this study without more specific studies conducted to measure the presence or
frequency of anxiety-related behaviors, track any changes in mobility, and measure the
cortisol levels corresponding to the net handling protocol of this study; however, the
existing evidence supports such a conclus10n. Assuming that the net stress was a
significant detnment to zebrafish performance in this study, we suggest that this task and
its protocol, as 1t currently exists, 1s not suitable for accurately testing learning and
memory in a color d1scnminat10n task. While the usefulness and potential benefits of Tmaze tasks are notable (as discussed in the introduct10n), 1t 1s not a valuable tool to the
research community 1f there 1s interference from net handling stress. Other researchers
have also acknowledged the hffiltat10ns of studies involving frequent human intervent10n
with the test subjects and have made strides to develop automated tasks for studying adult
zebrafish behavior to ehffilnate extraneous vanables, including net stress (Ahmed, Seguin
& Gerlai, 2011, Cachat et al., 2011, Gerlai et al., 2006, Gerla1, Chattel)ee, Pereira,
Sawash1ma, & Knshnannair, 2009; Mathur & Guo, 2011, Mueller & Neuhauss, 2012)
Automation of these tests of adult zebrafish behavior affords a variety of benefits to the
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field. Not only does it ehmmate possible confounds imparted by the presence and actions
of a human observer, but it also elmunates the factor of human error and potential issues
of inter-rater rehabihty in the codmg of behaviors. Additionally, automatmg behavioral
tasks makes them more amenable to high throughput screenmg and helps alleviate the
bottleneck that occurs at the behavioral testing stage when studymg new genetic mutants
or pharmacological agents (Eddms et al., 2009) As stated by Gerlai et al. (2006),
multiple automated tasks may be run simultaneously, with the hmitat10n only bemg space
and equipment, rather than experimenter time.
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CHAPTER V
CONCLUSION
This experiment was conducted in order to build upon the .existing uses of the Tmaze in learning tasks for zebrafish. Alterations to the preexisting protocol were done
with the intention of expanding the amount and type of data that could be collected from
this task, so that more information could be garnered from it, expounding on the details
of the learning and memory process in this model species. Unfortunately, our
modifications, primarily the increase in potential trials, proved detrimental to the
successful application of the paradigm. Our conclusion, then, is that there is not sufficient
utility of this version of the T-maze color discrimination learning task to warrant its
continued use. However, our study yielded many interesting, although unexpected, results
re·garding the behavioral responses of zebrafish to various factors and biases. By allowing
us to learn the limitations of the task and, in turn, the fish, the execution of this study
contributes to the growing body of literature on zebrafish behavioral tasks and better
prepares us for designing future studies. This field of research is still relatively young,
and while many new experiments and protocols yield new information about scenarios in
which zebrafish can perform, it is also expected that some studies will show the
conditions in which zebrafish cannot perform. Other studies have shown that zebrafish
are capable of making discriminations between stimuli, as well as learnin g and
remembering associations between a visual cue and a reward. The ability of this species
to perform these more complex learning processes is extremely valuable to a number of
research fields, including biomedicine, pharmacology, neuropsychology, etc. It is
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imperative that research be continued to develop and validate more tasks to utilize in
these endeavors, with automated tasks being at the forefront of this promising future .
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